
AcRiCULTURAL RESEARCH INSTITUTE 

PUSA 





THE 


Biochemical 

Journal 

EDITED FOR THE BIOCHEMICAL SOCIETY 
BY 

HAROLD WARD DUDLEY 

AND 

ARTHUR HARDEN 

EDITORIAL COMMITTEE 

Prof. G. BARGER Sir F. G. HOPKINS 

Prof. V. H. BLACKMAN Sir F. KEEBLE 
Mr J. a. GARDNER Prof. W. RAMSDEN 

Sir E. J. RUSSELL 


VOLUME XXIII 1929 


CAMBRIDGE 

AT THE UNIVERSITY PRESS 

1929 



PRINTED IN GREAT BRITAIN 



CONTENTS 

No. 1 

PAGE 

Obituaky Notices ........... 1 

I. The chemical action of qninones on proteins and amino-acids. Part IT. 

By E. A. (JoopER and K. B. Haines. (With one figure) .... 4 

II. The bactericidal action of the nitroso-compounds. By E. A. Cooper 

and B, B. Haines. (With two figures).10 

HI. Studies on the relationship between chemical constitution and 
physiological action. Part II. The miotic activnty of urethanes derived from 
the isomeric hydroxybeiizyldimethylamines. By E. Stedman . . . 17 

IV. The denaturation of proteins. Part V. Denaturation bv acid. By 

H. K. CuBiN.‘. . . 25 

V. The determination of small quantities of starch in vegetable tissue. 

By E. J. B. Bjsh, (With one figure).31 

\T. Note on the characterisation of the anthocyanins and anthocyanidins 
by means of their colour reactions in alkaline solutions. By A. Robertson 
and R, Robinson ............ 35 

VII. The relation between cystine yield and total sulphur in wool. By 

C. Rimington. (With one figure).. . 41 

VIII. A specific colour reaction for ergosterol. By O. Rosenheim . . 47 

IX. The vitamin content of honey. By E. Hoyle. (With two figures) . 54 

X. The relation of the growth of certain micro-organisms to the com¬ 
position of the medium. IV, The addition of mamiitol. By V. Reader. (With 

one figure) .. 61 

XI. The dial uric acid-alloxan equilibrium. By G. M. Richardson and 

R. K. Oannan. (With two figures) ........ 68 

XII. Note on the determination of tryptophan by means of p-dimethyl- 

ominobenzaldehyde. By W. J. Boyd . . . . . . . . 78 

XIII. The action of insulin in normal young rabbits. By M. W. Gold- 

blatt.83 

XTV. An application of the method of PTagedorn and Jensen to the 
determination of larger quantities of reducing sugars. By C. S. Hanes, 

(Wi,th two figures) . 99 

„yXV. The nature of the imsaponiliable fraction of the lipoid matter ex¬ 
tracted from green leaves. By E. Clenshaw and I. Smedley-Maclean . 107 

XVI. The biochemistry of dry-rot in wood. By E. C. Barton-Wright 

and J. G. Boswell , ... 110 

XVII. Reduction potential, energy exchange and cell growth. Experi¬ 
ments with B. colA. By J. H. Quastel and W. R. Wooldridge . . . 115 

XVIII. Protein metabolism in cystinuria. By W. Robson. (With two 
figures). 138 

XIX. A study of factors said to influence the jfitrogeu xjistnbutiottrof 
gelatin. By F. S. Daft 149 












VI 


CONTENTS 


No. 2 

PAGE 

XX. The amino-acids of flesh. III. The diamino-acid content of fish. By 

J. L. Rosedale.161 

XXI. Vitamin D from sterols of mummified Egyptian brain. By H. King, 

O. Rospjnheim and T. A. Webster.16() 

XXII. The ether-soluble substances of cabbage leaf cyt(n)lavSm. V. The 
isolation of n-nonacosane and di-n-tetradecyl ketone. By H. J. Channon 

and A. C. Chibnall.168 

XXIII. The ether-soluble substances of cabbage leaf cytoplasm. VT 
Summary and general conclusions. By A. C. Chibnaul and H. J. Channon 170 

XXIV. The dialysis of small volumes of serum under sterile conditions. 

By C. I. B. VoGE. (With one figure).185 

XXV. The influence of various substances on lipase action. By R. F. 

CORRAN.188 

XXVI. The nature of the pectic substances of flax. A preliminary in¬ 
vestigation. By F. W. Norris.195 

XXVII. Studies in the metabolism of tissues growing in vitro. III. Cyanic 
acid as a possible precursor of the ammonia and urea formed by embryo kidney 
tissue. By B. E. Holmes and E. Watchorn ...... 199 

XXVIII. The effect of excessive doses of irradiated ergosterol on the 
calcium and phosphorus content of the blood. By L. J. Harris and C. P. 
Stewart.206 

XXIX. Glycolysis in muscle and other tissues. By E. M. Cask . . 210 

XXX. Phosphoric esters in alcoholic fermentation. I. The sequence of 

the formation of phosphoric esters and carbon dioxide in fermentation by 
dried yeast. By PI Bo yl and. (With four figures).219 

XXXI. The equation of alcoholic fermentation. II. By A. Harden and 

F. R. Henley.230 

XXXII. The preparation and use of the bone phosphatase. By M. Mart- 
LAND and R. Robison.237 

XXXIII. Insulin and gluconeogenesis. By M. W. Goldblatt . . 243 

XXXIV. The hydrogen ion concentration and the calcium and phosphorus 
content of the faeces of rachitic children. By T. Redman. (With eight figures) 256 

XXXV. Hypervitaminosis and vitamin balance. Part II. The specificity 
of vitamin D in irradiated ergosterol poisoning. Part III. The pathology of 
hypervitaminosis D. By L. J. Harris and T. Moore. (With four figures) . 261 

XXXVI. P'urther studies of the chemical nature of vitamin A. By J. C. 
Drummond and L. C. Baker. (With one figure).274 

XXXVn. Molecular constitution and accessibility to enzymes. The effect 
of various substances on the velocity of hydrolysis by pancreatic lipase. By 
D. R. P. Murray. (With five figures).292 

XXXVIII. The use of decinormal j^drochlorio acid for standardising 
electrometric measurements. By N. F. Maciagan, (With three figures) 309 











CONTENTS vii 

No. 3 

PAGE 

XXXIX. ScylJitol in selachian ontogeny. By J. Needham. (With one 
figure).319 

XL. Note on anaerobiosis and the nse of alkaline solutions of pyrogallol. 

By H. Nicol.324 

XLI. Seed fats of the Umbelliferae. II. The seed fats of some cultivated 
species. By B. C. Chbistian and T. P. Hidditch.327 

XLII. The distribution of reducing substances between plasma and cor¬ 
puscles; a comparison of various blood-sugar methods. By F. K. Herbert 
and J. Groen.339 

XLIII. Membrane equilibria and selective absorption. By N. C. Wright 352 

XLIV. The absorption of water by gelatin. Part III. The sulphate 
system. By W. B. Pleass. (With ten figures) ...... 358 

XLV. Observations on the iodine-containing compounds of the thyroid 
gland. Isolation of d/-3 : S-di-iodot^TOsine. By C. K. Hartngton and 8. 8. 
|Iandall .. 373 

XLVI. Observations on insulin. Part I. Chemical observations. By 
C. R. Harington and D. A. Scott. Part II. Physiological assay. By K. Cul- 
hane, H. P. Marks, D. A. Scott and J. W. Tbevan. (With Plate i) . . 384 

XLVII. Studies in carbohydrate metabolism. IV. Action of hydroxy- 
methylglyoxal u{)on normal and hypoglycaemic animals. By W. O. Ker- 
mack, C. G. Lambie and R. H. Slater.410 

XLVIII. Studies in carbohydrate metabolism. V. Effect of administra¬ 
tion of dextrose and of dihydroxyacotone upon the glycogen content of muscle 
in depancreatisod cats. By W. 6. Kermack, C. G. Lambie and R. H. Slater 416 

XLIX. The anticoagulant action of antitlirombin. By J. 0. W. Barratt 422 

L. On carrageen (Chondrus crispus), IV. The hydrolysis of carrageen 
mucilage. By P. Haas and B. Russell-Wells ...... 425 

LI. The isolation of a carbohydrate derivative from serum-proteins. By 
C. Rimington.430 

LII, On the nature of the carbohydrates found in the Jerusalem artichoke. 

By A. C. Thaysen, W. E. Bakes and B. M. Green.444 

LIII. The activation of certain oxidase preparations. Part I. Activation 
by peroxidases. Part II. Activation of tyrosinase. By C. E. M. Pugh . . 456 

LIV. Some enzymes in B, coli communis which act on fumaric acid. By 
B. Woolf. (With six figures) . . . . . . . . .472 

LV. The distribution of vitamin B 2 in certain foods. By W. R. Aykroyd 
and M. H. Rosooe. (With one figure) ........ 483 

LVI. A method for the assay of the antineuritic vitamin B|, in which the 
growth of young rats is used as a criterion. By H. Chick and M. H. Roscoe. 

(With one figure) ............ 498 

LVII. An attempt to separate vitamin Bg from vitamin B^ in yeast and 
a comparison of its properties with those of the antineuritic vitamin Bj. By 
H. Chick and M. H. Roscoe.504 

LVIII. The effect on vitamin Bj of treatment with nitrous acid. By 
H. Chick.514 

LIX. The application of the iodimetric method to the estimation of small 
amounts of aldoses. By M. Macleod and R. Robison . . . .517 

LX. The chemical constitution of the gums. Part I. The nature of gum 
arabic and the biochemical classification of the gums. By A. G. Norman. 

(With one figure) . 524 











viii 


CONTENTS 


PAGE 

LXI. Observations on the carbohydrate metabolism of tumonrs. By 
H. G. Crabtree ..536 

LXII. Experiments on nutrition. IX. Comparative vitamin B values of 
foodstuffs. Pulses and nuts. By R. H. A. Plimmer, W. H. Raymond and 
J. Lowndes ............. 546 

LXIIl. Further observations on the effects of large doses of irradiated 
ergosterol. By J. C. Boyle and H. Buckland. (With three figures) , . 558 

LXIV. The effect of partial decay on the alkali solubility of wood. By 
W. C. Campbell and J. Booth ..566 

LXV. The nature of the sugar residue in the hexosemonophosphoric acid 
of muscle. By J. Pryde and E. T. Waters ..573 

LXVI. Lactic acid formation in muscle extracts. IV, A comparison 
between glucose and glycogen in respect of lactic acid formation and phos¬ 
phoric ester accumulation. By D. Stiven.583 

No. 4 

LXVII. The determination of the tertiary dissociation constant of phos¬ 
phoric acid. By I. N, Kugelmass , . . . . . . .587 

LX VIII. The catalytic action of cupric salts in promo titig the oxidation of 
fatty acids by hydrogen peroxide. By M. A. Battie and I. Smedley-Maclean 593 

LXIX. An immediate acid change in shed blood. By R. E. H.ward and 
P. T. Kekridge. (With one figure) 600 

LXX. Studios in carbohydrate metabolism. VI. The antagonistic action 
of pituitrin and adrenaline upon carbohydrate metabolism with special 
reference to the gaseous exchange, the inorganic blood-phosphate, and the 
blood-sugar. By C. G. Lambie and F. A. Redhead.608 

LXXI. The reaction of azine compounds with proteolytic enzymes. By 

G. M. Richardson and R. K. Cannan. (With three figures) .... 624 

LXXII, Note on the absorption spectrum of vitamin A. By O. Rosen¬ 
heim and T. A. Webster.633 

LXXIII. The nature of the vitamin A constituent of green leaves. By 
D. L. CoLLisoN, E. M. Hume, I. Smedley-Maclean and H. H. Smith . . 634 

LXXIV. The determination of chloride in animal tissues. By E. H. 

Callow ............. 648 

LXXV. The salt effect on the induction period in the fermentation by 
dried yeast. By H. Katagiri and G. Yamagishi. (With six figures) . . 654 

LXXVI. Blood-fat. I. Preparation and general characteristics. By 

H. J. Channon and G. A. Collinson.663 

LXXVII. The unsaponifiable fraction of liver oils. V. The absorption of 
liquid paraffin from the ahmentary tract in the rat and the pig. By H, J. 
Channon and G. A. Collinson ..676 

LXX VIII. A second thermolabiie water-soluble accei^ory factor neces¬ 
sary for the nutrition of the rat. By V. Reader. (With six figures) . . 689 

LXXIX. Some evidence of the existence of a further factor necessary for 
growth of the rat. By K. H. Coward, K. M. Key and B. G. E. Morgan. 

(With six figures) ............ 695 

LXXX. Vitamin D in ergot of rye. By E. Mellanby, E. Surie and 
D. C. Harrison. (With Plato II).710 

LXXXI. Hormones of the anterior pituitary lobe. By L. F. Hewitt. 

(With two figures) ... 718 












CONTENTS ix 

PAGE 

LXXXTI. The relation between cystine yield and total sulphur in various 
animal hairs. By C. JRimington . ".726 

LXXXITI. The relationship between haemolytic complement of guinea- 
pig serum and lipase. By J. Goroon and A. Wormall . . . .730 

LXXXIV. Studies on nerve metabolism. IV. Carbohydrate metabolism 
of resting mammalian nerve. By E. G. Holmes and R. Gerard . . 738 

LXXXV. Contributions to tlie study of brain metabolism. V. R51e of 
phosphates in lactic acid production. By C. A. Ashford and E. G. Holmes . 748 

LXXXVT. The production of ammonia by survivdng kidney tissue. Pre¬ 
liminary paper. By A. Patey and B. E. Holmes.760 

LXXXVII. The growth, development and phosphatase acti\dty of em¬ 
bryonic avian femora and limb-buds cultivated in vitro. By H. B. Fell and 
R. Robison. (With three figures and Plates III-V) . . . . .767 

LXXXVIII. Observations on the assay of vitamin A. By J. C. Drum¬ 
mond and R. A. Morton. (With four figures) . . . , . .785 

LXXXIX, Vitamin A and carotene. I. The association of vitamin A 
activity with carotene in the carrot root. By T. Moore. (With four figures) . 803 

XC. The effect of cyanide on the respiration of animal tissues. By 
M. Dixon and K. A. C. Elliott. (With fourteen figur*es) . . . . 812 

No. 5 

XCI. Endocellular enzymes of B. coll coniymmis. By E. G. Young . 831 

XCn. Factors influencing bone formation in the albino rat. I. The effect 
of guanidine intoxication produced by the successive injection of sub-lethal 
doses of guanidine salts. By C. M. Burns ....... 840 

XCTIl. Factors influencing bone formation in the albino rat. II. The 
effect of the injection of parath^u’oid extract. By C. M. Burns . . . 853 

XCIV. The effect of the continued ingestion of mineral acid on growth of 
body and bone and on the composition of bone and of the soft tissues. By 
C. M. Burns.860 

XCV. The influence of the hypophysis on metabolism, growth and sexual 
organs of male rats and rabbits. I. Influence of extracts of hypophysis on 
nitrogen metabolism. By V. Korenchevsky and M. H. Dennison . . 868 

XCVI. The effect of bicarbonate ions on the swelling of gelatin. By 
E. G. Miller, Jun. (With one figure).. . .876 

XCVII. Observations on the concentration of \dtamin B^. By B. C. Guha 
and J. C. Drummond. (With four figures). . 880 

XCVIII. The effect of cod-liver oil feeding on the calcium and phosphorus 
content of cows’ milk. By E. J. Sheehy and B. J. Senior. (With one figure) 898 

XCIX. The rdle of calcium in senile cataract. By D. R. Adams. (With 
two figures) ............. 902 

C. The influence of different samples of “casein” on vitamin tests. By 
K. H. Coward, K. M. Key, B. G. Morgan and M, Cambben, (With three 
figures). 913 

Cl. The condition of creatine in amphibian voluntary muscle. By 
W. DuLifeRE.921 

Cn. A study of the mechanism of the degradation of citric acid by 
B, pyocyaneus. Port I. By J. Butterworth and T. K. Walker. (With one 
figure) 926 










X 


CONTENTS 


PAGE 


cm. Observations on tissue glycolysis: the effect of fluoride and some 
other substances. By F. Dickens and F. Simer. (With three figures) . . 936 


CIV. Colloidal properties of Wassermann antigens. II. By W. O. Ker- 
MACK and W. T. Sprago ..969 

CV. Dilatometric studies in enzyme action. By M. Sbeenivasaya and 
B. N. Sastri. (With seven figures) . ..975 

CVT. The indophenol reaction in biological oxidations. By D. C. Harri¬ 
son. (With two figures) .......... 982 

evil. An examination of the metabolic products of certain fucoids, 

I. Sugar. By P. Haas and T. G. Hill.1000 

CVIII. Am examination of the metabolic products of certain fucoids. 

II. Marmitol and mannitan. By P. Haas and T. G. Hill .... 1005 

CIX. A reversible inactivation of insulin. By F. H. Carr, K. Culhane, 

A. T. Fuller and S. W. F. Underhill. (With six figures) . . . .1010 

CX. The proteolytic enzymes of green malt. I. Adsorption and elution. 

By R. H. Hopkins .1022 

CXI. The physico-chemical behaviour of lecithin. I. The capillary a(?tivnty 
of lecithin as a function of By H. I. Price and AV. C. M. Lewis. (With 
eight figures) ............ 1030 


CXII. Observations on the iodine content of the thyroid and ovary of the 
fowl during the growth, laying, and moulting periods. By E. M. Cruickshank 1044 

CXIII. The effect of “bios” on the growth and metabolism of certain 
yeasts. By A. M. Copping. (With seven figures).1050 

CXIV. Observations on acetylcholine. By H. W. Dudley . . . 1064 

CXV. The relation of calcium in the saliva to dental caries. By K. 
Horton, J. Marrack and I. Price .1075 


CXVI. The osmotic pressure of crystalline egg-albumin. By J. Marrack 
and L. F. Hewitt, (With on© figure).. . 1079 

CXVII. The chemistry of oestrin. I. Preparation from urine and separa¬ 
tion from an unidentified solid alcohol. By G. F. Marrian. (With Plate VI) 1090 

CXVIII. Methods for the determination of the nitrogenous constituents 
of a cyanophoric plant: P. laurooerasus. By M. E. Robinson, (With one 
figure).‘.1099 

CXIX. Hypervitaminosis and vitamin balance. IV. An instance of 
vitamin balance. By L. J. Harris and T. Moore. (With four figures) . 1114 

CXX. The alleged antineuritic properties of certain quinoline and 
glyoxaline derivatives. By J. M. Gulland and R. A. Peters . . .1122 

CXXI. Observations upon carbohydrate metabolism in birds. I. The 
relation between the lactic acid content of the brain and the symptoms of 
opisthotonus in rice-fed pigeons. By H. W. Kinnersley and R. A. Peters. 

(With one figure).1126 

CXXII. The colloidal properties of serum. By C. I. B. Voge. (With four 
fig^iTes).1137 

CXXIIL Bence-Jones proteins. By L. F, Hewitt. (With one figure) . 1147 













CONTENTS xi 

No. 6 

PAGE 

CXXIV. Some liver oils yielding a strong colour reaction with antimony 
tricliloride. By S. and S. Schmidt-Nielsen. (With two figures) . . . 1153 

CXXV. The production of fat from carbohydrate and similar media by 
a species of By H. H. Babber . . . . . . .1168 

CXXVI. The preparation of the unconjugated acids of ox-bile. By 

S. M. White.1165 

CXXVI I. The colorimetric determination of rhamnose. By R. A. McCance 1172 

CXXVIIT. Effect of pentose ingestion on uric acid excretion. By K. 
Madders and R. A. McCance. (With one hguro) . . . . ,1175 

CXXIX. Note on the acetyd derivatives of thyroxine. By J. N. Ashley 
and C. R. Haringt(3N. 1178 

CXXX. Carbohydrates of crab nerve. By E. O. Holmes . . .1182 

CXXXI. The bacterial decomposition of formic acid. By L. H. Stiok- 
land. (With six figures) .......... 1187 

CXXXII. The anliscorbiitic fraction of lemon juice. VIII. By S. S. 

ZiLVA. (With tsvo figures). .1199 

CXXXIll. The determination of the total calcium content of blood- 
serum. By IM, J. Heindriks .......... 1206 

CXXXIV. Blood-fat. II, The aceioiie-ether-soluble fraction. By H. J. 
Channon and G. A. Collinson.1212 

CXXXV. A note on selachian yolk-proteins. By J. Needhaim . . 1222 

CXXX\T. l"he degradation of wood by simultaneous action of ethyl 
alcohol and hydi'ochloric acid. By W. G, Campbell ..... 1225 

CXXXVII. The chemistry of oestrin. II. Methods of purification. By 
G. F. Markian.1233 

CXXXVHIl. The thiol-disulphide system. I. Complexes of thiol-acids 
with iron. By R. K. Cannan and G. M. Riuhardson. (With four figures) . 1242 

CXXXI X. The determination of soap in blood. By C. P. Stewart and 
A. C. White.1263 

CXL. Vitamin A and carotene. II. The vitamin A activity of red palm 
oil carotene. HI. The absence of vitamin D from carotene. IV. The effect of 
various dietary modifications upon the \dtamin A activity of carotene. By 

T, Moore. (With two figures).1267 

CXLI. Regularities in the glyceride structure of vegetable seed-fats. By 
G. Collin and T. P. Hilditch.1273 

CXLII. The chemical aspect of the destruction of oak wood by powder 

g oat and death watch beetles —Lyctus spp. and Xeatobium sp. By W. G. 
AMPBKLL . 1290 

CXLIII. The vitamin-D problem. I. The photochemical reactions of 
ergosterol. By E. H. Reerink and A. Van Wur. (With seventeen figures) . 1294 

CXLIV. Studies on collagen. The changes which collagen undergoes when 
treated with solutions of hydrochloric acid and sodium hydroxide. By 
J. Knaogs. (With five figures).1308 

CXLV. The influence of prolonged muscular rest on metabolism. By 
D. P. CtTTHBERTSON. (With four figures). 


1328 








xii CONTENTS 


CXLVI. The extractive piirines of muscle. I. By A. Dmochowski 

CXLVII. The biological decomposition of plant materials. I. The nature 
and quantity of the furfuraldehyde-yielding substmices in straws. By A. G. 
Norman . 

CXLVIll. The biological decomposition of plant matoials. II, The rdle 
of the furfuraldehyde-yieilding substances in the decomposition of straws. 
By A. G. Norman. (With eight figures) ....... 

CXLIX. The influence of feeding either fat and lipase or lecithin on the 
sugar excretion of depancrcatised dogs. By 8. Soskin ..... 

CL. Post-mortem formation of methaemoglobin in red muscle. By J. 
Brooks. (With one figure) .......... 

Index . 


PAGE 

1346 

1353 

1367 

1385 

1391 

1401 





OBITUARY NOTICES. 


EGERTON CHARLES GREY (1887-1928). 

Egerton Charles Grey was the second son of the late Colonel Arthur Grey. 
His earlier years were spent in Paris, after which he went to Australia and 
graduated in the University of Sydney. Here he carried out some experiments 
on the fatty acids of the human brain. In 1912 he came to England with an 
1851 Exhibition Scholarship and commenced at the Lister Institute the work 
on the chemical action of bacteria which he continued to pursue until his 
death. He subsequently became a Beit Fellow and a John Foulerton Student 
of the Royal Society, working for some time at the Pasteur Institute, where 
he acquired a great admiration for the work of Pasteur, and at the Biochemical 
Laboratory, Cambridge. During this time he was awarded the degrees of 
M.A. (Cantab.) and D.Scr (London) and completed the work for his medical 
qualification, which he had commenced in Sydney. 

During the war he served as second lieutenant in the Royal Fusiliers, and 
was wounded at Gallipoli and invalided from the service. He subsequently 
entered the Navy and served as Surgeon-sub-lieutenant to H.M.S. Nereide and 
as interpreter in French and German, taking part in the operations in the 
Black Sea. After the war Grey was appointed Professor of Chemistry in the 
University of Cairo, and for his services in this capacity was decorated with 
the Order of the Nile. His experiences here led him to write a short book, 
Practical Chemistry by Micro-Methods (Cambridge and London, 1925), in 
which a method of teaching analytical chemistry with the aid of a minimum 
amount of apparatus and reagents is described. 

In 1926 he relinquished his appointment at Cairo and undertook an 
investigation of the food problems of Japan on behalf of the League of Nations. 
He spent about six months in Japan and made, single-handed, analyses of all 
the chief foodstuffs of the country. The results form the subject of a report 
issued bv the League of Nations and are also contained in a series of articles 
in the Japanese weekly review. The Trans-Pacific (July and August, 1927). 
He returned to work at Cambridge, where he died after a very short illness on 
August 10th, 1928. 

Grey was a man of attractive but unconventional character, full of'en¬ 
thusiasm for his subject. His early death is a great loss both to his friends 
and to biochemistry. 

Grey’s experiments on the chemical action of B, coli communis commenced 
at a time when Penfold had just shown that by cultivation in a medium 
containing sodium chlbroacetate, a strain of this organism could be isolated 
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which did not produce gas from glucose. The nature of the change thus 
produced in the enzymic armoury of the organism formed his first subject of 
investigation and led him to the idea that two (or more) independent sets of 
enzymes were active in this fermentation. He developed this idea by studying 
the progressive changes during fermentation. By using a large inoculation 
and by avoiding, as far as possible, the complications due to the growth of the 
organism he was able to distinguish three characteristic periods. Immediately 
following inoculation many of the organisms die and the products formed from 
glucose are mainly alcohol, acetic acid, succinic acid and formic acid. During 
the next period the production of these ceases, some of them are even decom¬ 
posed, whilst part of the sugar is synthesised into a non-reducing carbohydrate 
and another part converted almost wholly into lactic acid. At the same time 
the surviving organisms begin to multiply. Finally the synthesised carbo¬ 
hydrate is hydrolysed and fermented along with the remaining sugar, botli 
lactic acid and the alcohol group of products being formed. Another series 
of observations was made on the influence of aerobic or anaerobic cultivation 
on the subsequent behaviour of the organism to sugar. When th(' immediate* 
past history of the organism has been anaerobic, the feimentation undt'r 
anaerobic conditions yields very little or no lactic acid and much less succinic 
acid than when its conditions of cultivation have been aerol)ic. These ob¬ 
servations led Grey to the conclusion, expressed in a paper which was in the 
Press at the time of his death, that B, coli can decompose sugar in at least 
two different ways, by a lactic fermentation and by a modified alcoholic 
fermentation. The latter of these is only possible when the organism has been 
recently grown in the presence of free oxygen. Generalising from this he con¬ 
cluded that alcoholic fermentation is due to the continued action under 
anaerobic conditions of an enzyme, zymase, which is the surviving portion of 
the respiratory mechanism of the organism. Whether or not these ideas are 
accepted, they bear witness to the breadth of vision which was characteristic 
of their author and provide ample ground for further investigation. 


A. H. 
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DIARMID NOEL PATON (1859-1928), 

The death of Diarniid Noel Paton in his 70th year on September 30th, 1928, 
on the day on which his resignation of the Regius Chair of Physiology in Glasgow 
University took effect, has removed one of the earliest research workers in 
the held of chemical physiology in this country. So long ago as 1884 he began 
an investigation on the subject of urea formation and to the end of his life he 
was keenly interested in all metabolic problems. His interests were not con¬ 
fined to an interpretation of chemical physiology in any narrow sense. He was 
an investigator in many other physiological fields. He worked on the endocrine 
glands long before they became a,popular subject of research; he directed 
investigations into dietary problems, particularly of the poor, and, later, into 
the relation of nutrition to the incidence of rickets and of growth. His last 
work was on po>stural reflexes and postural apnoea in the duck and the swan. 

He was a splendid teacher, expressing his views clearly and succinctly. 
Although he held strong opinions on many problems he was scrupulous to put 
before his students all aspects of the question. He demanded that his students 
should use their intelligences and make up their own minds. Ex cathedra 
utterances were anathema to him. He remembered, too, that the majority 
of his auditors were going to be ordinary practitioners of medicine. He was 
well equipped for stressing the practical aspect of physiology looking back, as 
he did, to his own early days when he was a Clinical Tutor at the Edinburgh 
Royal Infirmary. He regarded and taught physiology as a whole, not as a 
variegated pattern of specialist problems put together for narrow and self- 
contained specialist workers. 

Although he did not suffer fools gladly, and although he was perhaps 
sometimes rather excessively intolerant, hidden within his rather formal but 
graceful exterior was a most warm and kindly heart. He was always ready 
to help to the full extent of his powers anyone in real distress or difficulty. He 
had a shy sensitive nature which yearned for friendship. 

As a research worker Noel Paton was keen, energetic, critical and thorough. 
He hated all cheap and shoddy work and, above all, he loathed special pleading, 
specious reasoning and the suppression of data which did not fit the hypothesis 
put forward. He tried to play the game himself and he expected his antagonists 
to have his own high sense of honour. He lived for science; science was indeed 
a religion to him and he could not tolerate any desecration by insincere or 
half-hearted self-advertising work. 

E. p. c. 
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I. THE CHEMICAL ACTION OF QUINONES ON 
PROTEINS AND AMINO-ACIDS. 

PART II. 


By EVELYN ASHLEY COOPER and RAYMOND BENNETT HAINES. 

From the Chemical Department, University of Birmingham. 

(Received November 15th, 1928.) 

It was concluded from previous experimental work [Cooper and Haines, 
1928, 1] that the bactericidal action of the quinones was associated with their 
chemical action on the simpler cell-constituents, such as the amino-acids, rather 
than with their chemical reactivity with the complex colloids, c,g, proteins. 
Subsequently, however, it was found [Cooper and Haines, 1928, 2] that the tem¬ 
perature-coefficient for the reaction between benzoquinone and glycine was 
the normal one for a chemical process, yet quinone was twenty times more 
active as a germicide at 37"^ than at 20^'. It was then found however that this 
considerable accession in bactericidal power with rise in temperature was not 
restricted to quinone, but was a common property of oxidising disinfectants. 
It would appear thus that the main factor in the germicidal action of tin* 
quinones is the interaction with the amino-acids, but that another factor 
fundamental in the action of oxidising disinfectants is operating simultaneously. 

The earlier work had shown that there was a general correspondence in the 
relative germicidal power of benzoquinone and toluquinone and their chemical 
activity with various amino-acids. Benzoquinone was found to react from 
four to five times as rapidly with amino-acids as toluquinone, while the ratio 
of their bactericidal action varied on an average from five to seven (and some¬ 
times higher). It was also found that the presence of salts increased the 
velocity of reaction with glycine. Further experiments have therefore been 
carried out to ascertain the relative effect of salts on reaction-velocity in the 
case of both benzo- and tolu-quinone, as, if it could be shown that the inorganic 
constituents of living cells increased the reactivity of benzoquinone more than 
that of toluquinone, some explanation of the foregoing discrepancy would be 
offered. 

0*2 % solutions of the two quinones were prepared, (1) in water, and (2) in 
Ringer’s solution (the bicarbonate being excluded). 0*5 g. of glycine was then 
dissolved in 100 cc. of each sojution, and the amoimt remaining^in solution at 
stated times was determined by withdrawing 6 cc, and titrating by Valeur’s 
method (Table I). 
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Table I. % remaining in solution at 20®. 
(Benzoquinone.) 


Time 

(1) 

Time 

(2) 

min.) 

Water 

(min.) 

Ringer’s solution 

0 

100 

0 

100 

10 

98-7 

10 

93*7 

30 

96-6 

35 

90-8 

70 

90-4 

100 

86-0 

120 

87-2 

160 

81-2 

235 

83-5 

240 

74-9 

360 

74*5 

360 

65-2 


{Toluquinone,) 


0 

1(K) 

0 

100 

20 

98-2 

10 

99'5 

60 

96-4 

35 

96-4 

120 

95-2 

60 

94-8 

180 

92-3 

165 

92-1 

240 

9M 

240 

90-5 


The saline constituents of Ringer’s solution thus considerably accelerate 
the reaction between benzoquinone and glycine, but have only a slight effect 
with toluquinone. The inorganic salts present in the cell may thus be supposed 
to raise the reaction-velocity of benzoquinone, and the great difference in the 
germicidal power of benzo- and tolu-quinone is explicable. 

Apart, however, from velocity considerations, it will be shown that 
benzoquinone is capable of effecting more cell-destruction than toluquinone 
per gram-molecule. 

Ville and Astro [1895] and Suchanek [1914] showed that the interaction of 
quinones and amino-compounds took place in several stages as follows: 


ii OH 



II 

0 


OH 
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The addition product can be isolated from, either benzene or ether 
solution; in water or alcohol, however, the reaction continues by oxidation to 
the formation of the substituted quinone and quinol. 

In the case of benzoquinone a dianilido-compound is formed, two nitrogen 
atoms being introduced. With toluquinone, although a similar addition com¬ 
pound is formed intermediately, the final derivative contains only one nitrogen 
atom. Thus three molecules of benzoquinone react with two of amino-com¬ 
pound, but two molecules of toluquinone react wdth only one of the amino- 
substance. 

Xyloquinone forms an addition product, but is incapable of yielding a final 
substituted quinone, the reaction ceasing at the first stage. 

Chloroquinones on the other hand [Astre, 1897] add on two molecules of 
amino-compound, and both nitrogen atoms finally enter the nucleus with 
evolution of hydrochloric acid. Chloroquinones are thus as effective as benzo¬ 
quinone in taking the reaction completely to the oxidation stage. 

These observations are analogous to those already made in the case of 
bactericidal action [Cooper and Haines, 1928, 1]. The homologues arc less 
active as germicides than benzoquinone itself, whilst m-dichloroquinoue is as 
efficacious as the latter. 

Furthermore, alcohol facilitates the completion of the reaction tothe 
oxidation stage, and also increases the germicidal power of the quinones. 

The fact that three molecules of benzoquinone react with two of amino- 
acid, whilst two molecules of toluquinone are required for the reaction with 
one molecule of the amino-acid, may also explain the observation already 
referred to that the difference in the germicidal powers of benzo- and tolu¬ 
quinone is somewhat greater than would be expected from their reaction- 
velocities with amino-acids. It is evident that per gram-molecule benzo¬ 
quinone would have a greater destructive effect on the cell than toluquinone 
in the proportion 3/2. 

In order to throw further light on this problem the additive and final 
oxidation products were prepared from benzoquinone and anthranilic acid, 
and their germicidal action was studied. The additive product was only 
germicidal in a concentration as high as 1 in 3000 towards B, coli (30 min. 
at 20°); under the same conditions benzoquinone is active in 1 in 35,000. The 
oxidation product was too insoluble for examination. Although it would seem 
that it is the final oxidation process that plays the chief role in the baetericidal 
action of the quinones, the fact that benzoquinone suffers such an extensive 
depreciation in germicidal power merely by forming an addition compound 
with anthranilic acid suggests that the bactericidal process is also bound up 
to a certain extent with the preliminary addition reaction. 

Reference has already been made to the finding that the temperature- 
coefficient for the interaction of benzoquinone and glycine is the normal one 
for a chemical process, whilst at 37® the quinone is twenty times as powerful 
a germicide as at 20®. 
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The exact germicidal temperature-coefficient, however, had not been de¬ 
termined under the conditions employed, all that had been ascertained being 
the relative concentration required for disinfection in a fixed period at 20^^ 
and 37'^: 

The temperature-cbefficient for bactericidal action was therefore next 
measured by means of a modified technique. 

Selected concentrations of phenol and quinone w^ere inoculated with a 
definite volume of culture at 20° and 37°, and by subculturing at stated 
intervals into nutrient broth the periods required for complete disinfection at 
the different temperaturea could be ascertained. The ratio of the times is a 
measure of the temperature-coefficient of the process (Table II). 


Table II. 



Period of disinfection (min.) 

Temperature* 


r" 

-.'v- ^ 

coefficient 


20° 

37“ 

per 10° 

B, coll 

Phenol, 1 in 200 

150 

27*5 

.3-2 

Quinone*, 1 in 5(),0(K) 

72-5 

7*5 

5-7 

B, jlHorfficcns 

I’hcnol, 1 in 200 

67-5 

12-5 

2-9 

Quinone, 1 in 80,000 

42-5 

< 4 

>6 


The observations confirm the original suppositions; the temperature- 
coefficient of disinfection in the case of quinone is 6 or even higher, the co¬ 
efficient for the chemical action on glycine being the normal one (2 for a 10° 
rise). In the case of phenol the temperature-coefficient for germicidal action 
is lower (approximately 3) and agrees more closely with the coefficient for the 
process of protein-coagulation by phenol, viz. 2 [Cooper and Haines, 1928, 2], 
m-Cresol, on the other hand, was found not to increase in germicidal power 
with rise in temperature, 1 in 500 concentration being equally bactericidal at 
20° or 37°. It was of interest therefore to extend the protein coagulation 
experiments to the case of this homologue of phenol. 

100 cc. of egg-white were made up to 200 cc. with distilled water and 
filtered; the filtrate was diluted with an equal volume of water and again 
filtered. 100 cc. of the final filtrate were mixed with 100 cc. of 1 % m-cresol 
solution in a large bottle and kept at constant temperature in a thermostat. 
The rate of coagulation was determined at 20° and 30°, 10 cc. of the mixture 
being withdrawn at intervals and rapidly filtered. 

The amount of protein in the filtrates was then estimated by heat-coagula¬ 
tion and weighing (Fig. 1). 

The results, plotted in Fig. 1, show that the velocity of’Coagulation by m- 
cresol is only very slightly increased by rise in temperature, and are thus 
consistent with the bactericidal observations. The physico-chemical explana¬ 
tion of the germicidal power of the phenols is thus quite in accordance with 
the facts. # 
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In the case of quinone, however, the chemical interpretation already put 
forward, whilst entirely consistent with many observations, does not at the 
present time account for the high temperature-coefficient for germicidal 
action. 

Table III. % quinone taken up from the solution. 

Beiizoquinone Toluquinono Ratio 

Pathological ^—---^ ,--^ --^ 


source of urine 

i hr. 

1 hr. 

i hr. 

1 hr. 

1 hr. 

1 hr. 

Leucaemia 

7-7 

18-6 

3*6 

8*4 

21 

22 

Nephritis 

C7-6 

_L 

37*9 

— . 

1*8 

— 

11 2 

25*0 

8*2 

18J 

1*4 

1 4 

Jaundice 

5-44 

25-0 

5*2 

25* J 

1*0 

1*0 

Haematuria 

41-0 

660 

28*6 

53*1 

1*4 

1*3 


58-4 

— 

40*6 

— 

1*4 


Glycosuria 

35-8 

— 

6-1 

- 

.')-9 


,, 

6-8 

_ 

1*3 


r^2 

_ 



Fig. 1. Velocity of coagulation of albumin by m-cresol. 

The possible application of the quinones in medicine. 

It was previously shown [Cooper and Haines, 1928, 1] that alcoholic 
solutions of benzoquinone react rapidly with amino-acids, and since the 
nitrogenous constituents of urine vary considerably in health and disease it 
was thought that the amount of reaction might be of use as an index in 
diagnosis. Accordingly experimental work in this direction has been carried 
out. The clinical significance of the benzoquinone/toluquinone reactivity ratio 
has also been considered. In general, 10 cc. of the specimen of urine were 
allowed to react with an equal volume of 0-4 % solution of the quinones in 
25 % alcohol for definite periods, the course of the reaction being followed by 
the volumetric estimation of the quinone remaining unused in the solution 
(Table III). 

The chemical reactivity ratio of the two quinones is thus highest in the case 
of glycosuria (5-5), intermediate in value with leucaemia (2), and lowest in 
nephritis, jaundice ^p-nd haematuria (1-4). It would thus seem that the deter- 
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mination of this ratio would afford a basis for a test which might be of value 
in medical diagnosis. The process resolves itself into a simple titration with 
thiosulphate under standard conditions, and can be carried out in 30 minutes 
to 1 hour. 

The authors desire to express their best thanks to the Department of 
Scientihc and Industrial Research for a maintenance grant which has made it 
possible to carry out this investigation. 
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II. THE BACTERICIDAL ACTION OF THE 
NITROSO-COMPOUNDS. 

By EVELYN ASHLEY COOPER and RAYMOND BENNETT HAINES. 

From the Chemical Department, Vniversitj/ of Birmingham. 

{Received Novpnber 15th, 1928.) 

Earliei^ investigations [Cooper, Woodhouse, ind Forstner, 1925; Cooper and 
Iforstner, 1926] have shown that the nit|*osoaniIines are much more effective 
germicides than the corresponding nitrosophenols. Nitrosoaniline, for example, 
is inhibitory in concentrations of 1 in 100,000, whilst wdth nitrosophenol 
concentrations of 1 in 20,000 are necessary to inhibit bacteria. Notwith¬ 
standing this activity it is characteristic of both types of compounds that 
their high germicidal power is only apparent in long period bactericidal tests, 
such as the inhibitory method which covers a period of 48 hours. In the 
ordinary short*methods of measuring germicidal power (|-3 hours) the nitroso- 
compounds reveal only a low efficiency. 

The present investigation has been concerned with the two following 
problems. 

1. The possible application of the nitrosoanilines as internal disinfectants. 

2. The mechanism of their bactericidal activity. 

1. The nitrosoanilhies as disinfectants. 

Nitrosoaniline and nitrosodimethylaniline have the disadvantage of being 
slightly soluble in water. The hydrochloride is readily soluble, but is much less 
efficacious. The methyl iodide addition product, on the other hand, is not very 
soluble, and is also much less effective than the free base. 

The results in Table I illustrate these points. 

Table I. Inhibitory concentrations. 

B. coli, 48 hours at 37° 

Nitrosodimethylftniline, 1 in 170,000 
Nitrosodimethylaniline hydrochloride, 1 in 7,500 
Nitrosodimethylaniline methiodide, > 1 in 26,000 

TLe loss in activity cannot be explained on the assumption of partition- 
changes between the phases within thf cell caused by differences in solubility, 
as the readily soluble hydrochloride and the insoluble methiodide, which is, 
in fact, less soluble than the free base, are both weak genpioides. It is concluded 
therefore that the fall in bactericidal power is associated with the change in 
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the valency of the araino-nitrogen to the quinquevalent state, and an essential 
condition ^or germicidal efficiency in the case of the nitrosoanilines is the 
presence of nitrogen in the ter valent state as in the amino- or substituted 
amino-group. 

Nitrosodimethylaniline however is easily soluble in glycerol, propylamine, 
or formamide without significant loss in germicidal power, and the possibility 
of its clinical application is at present under investigation. ^ 

2. The mechanism of baciericidal action. 

It has already been pointed out that the nitroso-compounds are slowly- 
acting germicides. In order to understand the nature of their bactericidal 
action, quantitative studies have been carried out to ascertain the reactivity 
of these substances towards amino-acids, proteins, lipins, and nucleic acids. 
These experiments involved the volumetric estimation of p-nitrosophenol and 
p-nitrosodimethylaniline in aqueous solution, and this was carried out by 
titration in acid solution with titanous chloride. 

In general 30 cc. of the aqueous solution of the nitroso-compound^ was 
placed outside a viscose dialyser contained in a broad stoppered bottle. Inside 
the dialyser was placed 1 g. of the substance with which the solute was to 
react, e.g, protein, etc., either dissolved or suspended as the case might be in a 
measured volume of water. Equilibrium, i.e, maximum uptake of the nitroso- 
compound, was found in all cases to be complete within 72 hours. The initial 
and final concentrations being determined by analysis, the amount of nitroso- 
compound reacting or absorbed by 1 g. of the substance could be ascertained. 
The experiments were carried out at 20^ (see Table II). 

Table II. Uptake of nitroso-compound % (i.e. %faU in conc^Mtraiion in aqueous 

jyhase) by 1 //. 




(h) 

(c) 

(d) 


(Gelatin 

Albumin 

Edestin 

Nucleic acid* 

Nitrosophenol 

4'9 

Tf) 

4-2 

0-7 

Nitrosoanilino 

50 

-- 

O-O 

460 

Nitrosodimethylaniline 

0 9 

5t> 

0-4 

22*2 


* The nucloio acid was first dissolved in dilute sodium hydroxide solution and the 
solution neutralised with acetic acid. 

Consideration of the results shows that the nitroso-compounds are taken 
up in large amounts by nucleic acid, but only to a very small extent by pro¬ 
teins. Quantitative experiments showed that there was also no reaction at 
ordinary temperatures between nitroso-compounds and glycine, diamino- 
acids or a mixture of amino-acids from autolysed yeast. Furthermore, when 
solutions of nucleic acid and p-nitrosoaniline were mixed together and allowed 
to stand, a greenish black precipitate was gradually deposited, pointing to a 
chemical reaction between the two substances. The product was subjected to 
complete analysis with the following results: 

C = 50-8,, N - 14*2, H ^ 5-6 %. 
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The nucleic acid from which the substance was prepared had the 
composition: 

C =- 32-8, N 14-J 6, H f) ] %. 

It is difficult to draw definite conclusions, but it is possible that the com- 
pound is a salt of the nitroso-base with the nucleic acid. The reaction between 
nitroso-compounds and nucleic acid proceeds with extreme slowness and is 
scarcety^ perceptible in a period of three hours, but becomes measurable in 
periods of from 24 to 72 hours. 

There is thus a distinct analogy in the case of nitroso-compounds between 
the process of germicidal action and the reactivity with nucleic acid, an 
essential constituent of cell nuclear material and associated with the mechanism 
of growth. Such cell-constituents as proteins and amino-acids are not ap¬ 
preciably attacked by nitroso-compounds, and the bactericidal action of these 
slowly acting disinfectants would appear to depend on a gradual but effective 
interaction with the nuclear constituents. Phenols such as plienol, the cresols, 
dihydroxybenzenes, and chlorophenols have no precipitating action on the 
nucleic acids, their germicidal action being more associated with their de¬ 
naturing action on proteins. 

With the object of throwing further light on the problem the influence of 
concentration on the uptake of j}-nitrosodiniethylaniline by nucleic acid was 
studied by the dialysis method already described (Table III). 


Table III. Final concentration of ip-nitrosodimethylanilme, 

(a) (h) Distribution ratio 

Nucleic acid g, per g. Water-phase g. per ce. a/b 

001139 0-000797 ]4'3 

001577 0-001078 14-5 

0-02330 0-001594 14-6 

0-02612 0-001885 13-8 

The distribution ratio tends to approximate to a partition-coefficient, the 
base being as much as 14 times as soluble in nucleic acid as in water. The 
constancy of this ratio suggests that a considerable proportion of the base is 
merely dissolved in the nucleic acid and the amount in actual chemical union 
is relatively small. 

In order that the jj-nitrosodimethylaniline may gain access to the nuclear 
substance of the cells, ready solubility in the intervening cell-constituents is 
essential, and a series of experiments was therefore next carried out to de 
termine the solubility of the base in a lipin, e.g, lecithin. 

A stable lecithin emulsion was prepared by dissolving the lipin in ether and 
pouring the solution into excess of water, the ether then being removed by 
means of a current of air. 

A 5 % emulsion could thus be prepared. The influence of concentration on 
the absorption of nitroso-compounds, and also of quinones and phenol, was 
investigated, the dialysing method being again employed (Table IV). 
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Table IV. Final concentrations. 


(0) 


Distribution ratio 

Lecithin g. per g. 

W ater-phase g. per cc. 

ajh 

]5enzoquinone 

001101 

0*005119 

2*2 

OOlOtU 

0*004255 

2*5 

0*0090] 

0003386 

2*7 

0*00793 

0*002538 

3*1 

0*00619 

0*(X)1684 

3*7 

'I'nluquinone 

0*03060 

0*(X)5136 

6*0 

0*02487 

0*(X>4303 

5*8 

0*01592 

0*(K)3440 

4*6 

0*01194 

0*002720 

4*4 

0*00448 

0 001684 

2*7 

Nitrosophenol 

0*04106 

0*(K)3599 

11*4 

0*03367 

0*003092 

10*9 

0*02590 

0*102546 

10*1 

002122 

0*001713 

12*4 

0*01246 

0*001182 

10*5 

0*(X>646 

0*000576 

11*2 

Nitrosodimethylaniline 

0*01778 

0*(X>1301 

13*7 

0*01119 

0*0(0952 

11*8 

0*00901 

0*1X0796 

11 3 

0*(K)659 

0*1KX)583 

11*4 

0*00428 

0*000398 

10*8 

0*00165 

0*100194 

9*0 

Phenol 

0*5141 

0*05,501 

9*3 

0*3758 

0*04709 

7*8 

0*1821 

0*03558 

5*1 

0*1741 

0*02369 

7*4 

0*0910 

0*01184 

7*7 

0*0396 

0*10595 

6*7 


Inspection of the results indicates that the nitroso-coinpounds amongst 
the substances examined are most readily absorbed by the lecithin. In the 
case of j;-nitrosophenol the distribution-ratio is almost constant over a wide 
range of concentration and the process is one of simple solution in the lipin, 
j[)-nitro8ophenol being about 11 times as soluble in lecithin as in water. 

The distribution-ratio of _p-nitrosodimethylaniline increases somewhat 
with rise in concentration of 9*()-13*7, suggesting again a process of solution 
complicated by molecular association of the solute in the lipin. Similar results 
are obtained with phenol and toluquinone. With benzoquinone, however, the 
distribution-ratio falls with increasing concentration, suggesting that adsorp¬ 
tion or surface-concentration predominates (Fig. 1). The constancy of the 
partition-coefficient in the case of nitrosophenol is of interest in view of the 
colloidal nature of the lipin phase. 

Evidently the solubility of the substance in the lecithin is sufficiently high 
to^obscure the surface-factor characteristic of colloidal systems. The results are 
analogous to those obtained in the case of the system water-phenol-protein 
[Cooper, el pi, 1912, 1923, 1927]. 
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The nitroso-compounds and quinones had no precipitating action on the 
lecithin, but with phenol precipitation of the lipin as a viscous mass occurred 
at a phenol concentration of 1-2 %, and it is at this point that a change in the 
distribution-ratio took place, as in the case of proteins (Fig. 2). 

The results with p-nitrosodimethylaniline and toluquinone suggest that 
these compounds undergo molecular association when dissolved in lecithin, 
and in Table V the distribution-ratios obtained by dividing the square-root of 
the concentration in the lipin phase are tabulated. 


Table V. 

Concentration in 


Water phase {A) 

Lipin phase [B) 

Square-root of 

Distribution-ratio 

(g. t)er litre) 

^ (g. per KMK) g.) 

B -- C 

CIA 

Toluquinone 

0136 

80-60 

5-032 

107 

4-303 

24-87 

4-990 

1-16 

3-440 

15-92 

3*987 

M6 

2-720 

11-94 

3-450 

1-26 

1-684 

4-48 

2-012 

1-19 

p-Nitrosodimethylaniline 

1-301 

17-78 

4-219 

3-24 

0-952 

11-19 

3-347 

3-51 

0-796 

9-01 

3-(KHJ 

3-89 

0-583 

6-59 

2-567 

4-40 

0-398 

4-28 

2-069 

5-20 

0-194 

1 -65 

1-285 

6-63 


In the case of toluquinone, the new distribution-ratio is almost constant 
over a wide range of concentration, showing that toluquinone is bimolecular 
when dissolved in lecithin. On the other hand, this constancy is not observed 
with jt?-nitrosodimethylaniline, the distribution-ratio being abnormally large 
at low concentration. It is probable that the nitroso-compound imdergoes 
molecular association in lecithin, but is at the same time adsorbed to a certain ^ 
extent, thus causing the distribution-ratio to vary. 

Summary. 

1. An essential condition for the bactericidal action of the nitrosoanilines 
is the maintenance of the amino-nitrogen in the tervalent state. The hydro¬ 
chloride and methiodide are weak germicides. 

2. The nitroso-compounds are slowly-acting disinfectants, exerting only a 
small bactericidal action in shprt periods, but this increases greatly in intensity 
in periods of 24-48 hours. 

3. The nitroso-compounds have little or no action on amino-acids and 
proteins, but react gradually with nucleic acid forming a dark green insoluble 
product. 

It is concluded therefore that the nitroso-compounds owe their slow germi¬ 
cidal action and marked inhibitoy power to their gradual chemical interaction 
with the nuclear constitilentB of the cell, thus interfering with and retarding 
the biochemical mechanism of growth. 
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The authors desire to express their best thanks to the Department of 
Scientific and Industrial Research for a maintenance grant which has made 
it possible to carry out this investigation. 
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III. STUDIES ON THE RELATIONSHIP BETWEEN 
CHEMICAL CONSTITUTION AND PHYSIOLOGICAL 

ACTION. 

PART II. THE MIOTIC ACTIVITY OF URETHANES 
DERIVED FROM THE ISOMERIC HYDROXY- 
BENZYLDIMETHYLAMINES. 

By EDGAR, STEDMAN. 

From the Department of Medical Chemistry, University of Edinburgh. 

{Received November 27th, 1928.) 

In Part I of this series, the author [1926] synthesised, and tested for miotic 
activity, a number of substituted phenyl esters of substituted carbamic acids, 
thereby demonstrating that miotic activity was frequently associated with 
urethanes of this type. While certain variations could be made in the urethane 
grouping without necessarily destroying the activity of the compounds, 
greatest activity was observed with those urethanes which were esters of 
methylcarbamic acid. It was further found that both the nature and position 
of the basic group, which was present in all the compounds examined, could 
be varied without in all cases destroying the physiological properties of the 
urethane grouping. Nevertheless, an examination of the isomeric dimethyl- 
aminophenyl esters of methyl- and ethyl-carbamic acids showed that the power 
of these compounds to produce a contraction of the pupil varied according to 
the relative positions of the basic and urethane groupings, and, further, that 
conversion of the tertiary basic group into a quaternary ammonium grouping 
exerted a great influence on this power, in some cases increasing, and in others 
diminishing, the miotic activity. By application of the polarity theory the 
deduction was made that, for each series of isomeric urethanes examined, 
greatest activity was exhibited by those urethanes derived from the phenols 
with the smallest acidic properties, and the same conclusion can be reached 
by application of the more modern electronic theories. 

In view of these results it appeared of interest to examine a new series of 
isomeric urethanes. The urethanes derived from the isomeric hydroxybenzyl- 
dimethylamines have therefore been prepared and tested for miotic activity. 
This particular series was chosen for two reasons. Firstly, it was desired to 
obtain substances the salts of which would not undergo appreciable hydrolytic 
dissociation in solution, as was the case when the basic group was attached 
directly to the benzene ring, since these would be more suitable for complete 
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pharmacological investigation. Secondly, it was hoped to gain further in¬ 
formation regarding the relation between the miotic activity of the urethane 
and the acidic strength of the phenol from which it was derived. 

The methods employed for the preparation of these compounds are de¬ 
scribed below and only one point requires comment. Whereas the dimethyl- 
aminophenols react smoothly with methyl isocyanate to give the urethanes 
described in Part I, the reaction in the case of the hydroxybcnzyldimethyl- 
amines is much more complicated. Using the conditions previously employed, 
the products from the ortho- and para-compounds appear to consist of a mixture 
of substances from which the required urethane can only be isolated with 
difficulty, if at all. By suitably modifying the conditions these difficulties have 
been overcome and, by strictly adhering to the conditions described in the 
experimental portion, the iV-methylurethanes have been obtained in practically 
quantitative yield. In the case of the iV-ethylurethanes, however, the diffi¬ 
culties have not been completely surmounted and these have only been 
isolated in the form of their salts. 

Of the urethanes of this series which it has been possible to test, miotic 
activity has been confined to those which are esters of methylcarbamic acid; 
no activity has been observed with iV-ethyl- or A-phenyl-urethanes. This 
corresponds with the results described in Part 1, from which it was concluded 
that greatest activity was associated with esters of methylcarbamic acid. In 
conformity with the previous results, it has further been found that the 
activities of the three isomeric A-methylurethanes vary in intensity, the 
estimated order of the activities of the hydrochlorides being ortho- > 'para- > 
rneta-. Not only does this order correspond with that of the lower homologues, 
but the difference between the activities of the ortho- and para-compounds 
has again proved to be much greater than that between the para- and meta-. 
Conversion of the tertiary basic group into the quaternary ammonium group 
intensifies the activity of the ortho-, diminishes that of the meta-, and abolishes 
that of the para-compoimd. This accords with the behaviour of the urethanes 
from the dimethylaminophenols in so far as the activities of the salts of the 
tertiary bases are different from those of the quaternary salts, but not*as 
regards the direction in which the change occurs \^th the different isomerides. 
The author had hoped that it would have been possible to deduce the relative 
acidic strengths of the phenolic groups in the isomeric hydroxybenzyl- 
dimethylamines {and in their quaternary ammonium salts) from electronic 
theories, but unfortunately it appears impossible to do so in the present state 
of the development of these theories. Hence, while it is not improbable that 
the urethanes of these series which are the most active miotics are again those 
derived from the least acidic phenols, a discussion of this point must be 
deferred until it has been possible to measure directly the acidic strengths in 
question. 

In Part I it was tacitly assumed that the miotic activity of the active 
urethanes was associated with the fact that they were phenyl, as distinguished 



MIOTIC ACTIVITY OF URETHANES 


19 


from alkyl, esters of carbamic acids, but no proof was advanced that similar 
activity might not be exhibited by urethanes derived from alcohols, provided 
these contained a basic group. The methylurethanes of two amino-alcohols, 
namely, dimethylaminoethyl alcohol and tropine, have accordingly been pre¬ 
pared. As anticipated, neither possessed miotic properties. Owing to the 
failure to obtain the hydrochloride of the first-named urethane in a crystalline 
condition the substance was tested in the form of its raethiodide, which was 
therefore the methylurethane of choline iodide. It is interesting to note that 
the methylurethane of tropine exhibited neither miotic nor mydriatic pro¬ 
perties. That it is not a mydriatic corresponds, of course, with the fact that 
the tropine is esterified with an aliphatic acid. 


Experimental. 

Urethanes derived from m-hydroxyhenzyldimethylamine, 

Methylurethane of m-hydroxybenzyldimethylamine. Finely powdered m- 
hydroxybenzyldimethylamine (1 g.), prepared according to the author’s 
method [1927], was treated with excess of methyl isocyanate. The phenol 
dissolved slowly with slight evolution of heat. The mixture was cooled in ice 
and, after 24 hours, light petroleum added. This caused the precipitation of 
only a small amount of oil. Hence all solvents were removed by distillation 
under diminished pressure, when the oily residue slowly crystallised. It was 
recrystallised by addition of light petroleum to its solution in benzene, when 
it formed thick plates which melted at 86"^. 

The hydrochloride separated from a solution of the base in alcoholic hydro¬ 
chloric acid. Recrystallised frorp alcohol, it formed radiating clusters of prisms 
which melted at 175° with effervescence. 

Armlysis, 0-2448 g. gave 0-1423 g. AgCl, 

9-06 mg. contained 1-05 mg. N (micro-Kjeldahl). 

Cl found, 14*4 %; calc., 14-5 %. 

N found, 11-6 %; calc., li-5 %. 

The methiodide was prepared by treating the base with excess methyl 
iodide and sufficient methyl alcohol to cause the solid to dissolve. After 
standing overnight the methiodide was precipitated by addition of dry ether. 
When recrystallised from alcohol it formed aggregates which melted at 162°. 

Ethylwrelhane ofm^hyd/roxybenzyldimethylamine. The finely powdered phenol 
was dissolved in ethyl isocyanate and allowed to stand for 24 hours. Evapora¬ 
tion of the excess of ethyl i^'ocyanate under diminished pressure left an oil 
which could not be induced to crystallise. It was therefore divided into two 
portions, one of which was dissolved in alcoholic hydrochloric acid. After a 
short time the hydrochloride separated. It was recrystallised from alcohol 
when it formed rectangular tablets which melted at 156°. 

Analysis. 0-2033 g. gave 0-1140 g. AgCl. 

Cl found, 13-9 %; calc., 13-7 %. 
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The second portion of the crude base was dissolved in acetone and the solution 
treated with methyl iodide. The methiodide separated on standing. When 
recrystallised from alcohol it formed clusters of irregular plates which melted 
at 155-156° with efiervescence. 


Analysis. 0-1462 g. gave 0-0926 g. Agl. 

I found, 34-5 %; calc., 34-9 %. 

The results of a number of experiments made under varying conditions 
were practically identical with that of the above example. In no case was the 
base obtained in a solid condition, although the yield of salt was practically 
theoretical. Thus, in one experiment, 0-5 g. of m-hydroxybenzyldimethylamine 
yielded 1*1 g. of the methiodide of the ethylurethane. 

Phenylurethane of m-hydnyxyhenzyldimethylamine. One molecular propor¬ 
tion (0*36 cc.) of phenyl i.s^ocyanate was added to a cooled solution of 0-5 g. 
of the phenol in 5 cc. of benzene and the mixture left overnight in the re¬ 
frigerator, The solution was then filtered to remove a small quantity of 
non-basic material which had separated. Evaporation of the solvents under 
diminished pressure yielded an oil which rapidly crystallised. When reerystal- 
lised from benzene, in which it is fairly soluble, it formed prisms which melted 
at 93°. 

The hydrochloride separated when the base was dissolved in alcoholic 
hydrochloric acid. Recrystallised from alcohol it formed short prisms which 
melted at 175°. 

Analysis. 0'2580 g. gave 0*1185 g, AgCl. 

9-88 mg. contained 0-89 mg. N (micro-Kjeldahl). 

Cl found, 11-4 %; calc., 11*6 %, 

N found, 9*0 %; calc., 9*1 %. 


Vrethanes derived from i^-hydroxybenzyldimethylainine, 

Methylurethane of 'p-hydroxybenzyldimethylamine. One molecular pro¬ 
portion (0*24 cc.) of methyl i6‘ocyanate was added to a cooled solution of 0*5 g. 
of the phenol in 5 cc. of benzene, causing the immediate formation of a slight 
precipitate. After standing overnight, light petroleum was added and a small 
amount of hygroscopic precipitate removed by filtration. The solvents were 
then evaporated at low temperature, when the residual oil crystallised. It 
was recrystallised by addition of light petroleum to a concentrated solution in 
benzene, when it formed a felted mass of fine crystals which melted at about 
72°. 

The hydrochloride separated when the base was dissolved in alcoholic 
hydrochloric acid. When recrystallised from alcohol it formed prisms with 
pyramid ends which melted at about 180° with effervescence. 

Analysis. 0 2466 g. gave 0-1423 g. AgCl. 

Cl found, 14-3 %; oalo., 14-6 %. 

The methiodide was prepared by addition of methyl iodide to a solution 
of the methane in acetone. When recrystallised from alcohol it formed lustrous 
plates which melted at 188° with decomposition. 
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The methochloride was prepared by shaking for one hour a solution of the 
niethiodide in methyl alcohol with a suspension of freshly precipitated silver 
chloride in methyl alcohol. The suspension was then filtered and the filtrate 
evaporated, when the residue, which consisted of the methochloride, crystal¬ 
lised. It was recrystallised from alcohol by the addition of dry ether, when it 
formed clusters of radiating needles which melted at about 110^ with effer¬ 
vescence. 

A7ialyin8. 0*1575 g. gave 0*0855 g. AgCl. 

Cl found, 13*4 %; calc., 13*7 %. 

FAhylurethane of i^hydroxijbenzyldimethylamme. The phenol (1 g.) was dis¬ 
solved in dry acetone (10 cc.), and the cooled solution treated with one 
molecular proportion (O-O cc.) of ethyl i^vocyanate. The solvents were evaporated 
on the following day, when the oily residue partly crystallised. It was found 
impossible, however, to separate the crystals. The product was therefore 
dissolved in alcoholic hydrochloric acid. On addition of dry ether to this 
solution the hydrochloride separated as an oil which, after repeatedly washing 
with dry ether, mixtures of ether and acetone, and mixtures of ether and 
alcohol, finally crystallised. For complete purification it was necessary to 
recrystallise it three times by addition of ether to its alcoholic solution, when 
it formed rosettes of plates which melted at 165*^ with effervescence. 

Analysis. 0*2105 g. gave 0*1148 g. AgCl. 

Cl found, 13*5 %; rale., 13*7 %. 

The same hydrochloride was obtained from the product of the action of an 
excess of ethyl isocyanate on the phenol. 

The methiodide was prepared by the addition of methyl iodide to a solution 
of the crude urethane in methyl alcohol, from which it was precipitated by 
the addition of dry ether. When recrystallised from alcohol it formed irregular 
plates which melted at 186°. 

Analysis. 0*1787 g. gave 01170 g. Agl. 

I found, 35*4 %; vale., 34*9 %. 

PhenyluTethane of ^-hydroxyhenzyldimethylamine. One molecular pro¬ 
portion (0*36 cc.) of phenyl ^socyanate was added to a cooled solution of 
0*5 g. of the phenol in 5 cc. of benzene. The urethane quickly separated as 
an amorphbus precipitate. This was filtered and crystallised from alcohol, 
when it formed thick prisms which melted at 126°. 

The hydrochloride crystallised from alcohol in rosettes of needles which 
melted at 182°. 

Analysis. 0*2455 g. gave 0*1132 g. AgCl. 

12*72 and 14*19 mg. contained respectively 1*13 
and 1*30 mg. N (mioro-Kjoldahl). 

Cl found, 11*4 %; calc., 11*6 %. 

N found, 8*9 and 9*1 %; calc., 9*1 %. 

Urethanes derived from o-hydroxybenzyldimethylamine. 

Methylurethane of o-hydr^ybenzyldimethylamine. The phenol (0*5 g.) was 
dissolved in 5 cc. of ether and a trace of metallic sodium added. This dissolved 
with the evolution of hydrogen. The solution was then cooled and one 
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molecular proportion (0*24 cc.) of methyl isocyanate added. After some hours, 
a small quantity of flocculent material which had separated was removed by 
filtration and the filtrate evaporated at low temperature, when the residue 
crystallised. When recrystallised by addition of light petroleum to its solution 
in benzene it formed flat prisms which melted at 

The hydrochloride was hygroscopic and could not be obtained crystalline. 

The methiodide slowly separated from a solution of the base in acetone to 
which an excess of methyl iodide had been added. When recrystallised from 
alcohol it formed small prisms which melted at 175"^ with decomposition. 

Analysis. 0’1665 g. gave 0 1045 g. Agl. 

I found, 36-1 %; Calc., 36-3 %. 

Ethylurethane of o-hydroxyhenzyldimeihylamine. A, number of experiments 
were carried out under different conditions, but in no case was it possible to 
isolate the urethane in a pure state. In the following experiment, however, a 
small quantity was obtained in the form of its methiodide. Attempts which 
have since been made to prepare larger quantities of this methiodide have 
unfortunately not been successful, although the experiments have been carried 
out under conditions as nearly identical as possible. 

The phenol (0*5 g.) was dissolved in 5 cc. of dry ether and a trace of metallic 
sodium added. This dissolved with the evolution of hydrogen, when one 
molecular proportion (0-3 cc.) of ethyl isocyanate was added. After standing 
overnight the solution was filtered from a small quantity of insoluble material 
and the filtrate evaporated. An oil was thus obtained which showed no signs 
of crystallising. It was therefore dissolved in acetone and excess of methyl 
iodide added. Addition of ether then precipitated an oily methiodide which, 
after standing till the next day, crystallised. It was filtered and the sticky 
substance thus obtained recrystallised from acetone, when it formed prisms 
which melted at 149® with effervescence. 

AjMlysiss 16*16 and 14*49 mg. contained respectively 1*21 
and 1*14 mg, N (micro-Kjeldahl). 

N found, 7*5 and 7*8 %; calc., 7*7 %. 

Phenylurethane of o-hydroxyhemyldmethylamine. A solution of 0*5 g. of 
the phenol in 5 cc. of benzene was treated with one molecular proportion 
(0*36 cc.) of phenyl isocyanate. Some crystalline material separated slowly. 
This was filtered and washed with light petroleum (yield 0*48 g.). It was then 
warmed with a small volume of benzene, filtered from some insoluble crystals 
of a non-basic substance, concentrated, and placed in the refrigerator. A small 
quantity of the required urethane separated in the form of plates which 
melted at about 90®. 

4' * 

Analysis. 11*89 mg. contained 1*23 mg. N (micro-Kjeldahl). 

N found, 10*4 %; oalo., 10*4 %. 

This urethane is apparently so unstable that considerable losses occur during 
recrystallisation. ^ 

The methiodide was prepared by warming th^urethane with methyl iodide, 
dissolving the oil so produced in methyl alcohol, and then adding acetone and 
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dry ether, when the methiodide separated as a white solid. It was reorystallised 
by the slow addition of dry ether to its solution in acetone containing the 
minimum amount of methyl alcohol, when it formed rosettes of flat prisms 
which melted at 171°. 

Uretfianes derived from Ofniino-alcohols. 

Methtfhirethane of clioline iodide, 1 g. of hydroxyethyldimethylamine, 
cooled in a freezing mixture, was treated with excess of methyl isocyanate. 
After standing overnight, benzene and light petroleum were added, the 
mixture stirred, and the supernatant liquid decanted from a small amount of 
insoluble oil which was not ^further examined. The solvents were then 
evaporated, when a colourless liquid was obtained which would neither 
crystallise nor yield a solid hydrochloride. It was therefore dissolved in methyl 
iodide. A somewhat vigorous reaction took place and the methiodide separated 
in crystalline form. After addition of acetone, the crystals were filtered off 
and recrvstallised from alcohol when they formed lustrous plates which melted 
at 174°.^ 

AnalymK. 0 1144 g. gave 0-0923 g. Agl. 

I found, 43-6 %; calc., 44-1 %. 

Methylurethane of tropive. The tropine, prepared from atropine, was dis¬ 
solved in methyl i^'ocyanate and allowed to stand for some hours. The excess 
of methyl isocyanate was then removed under diminished pressure and the 
residue crystallised from benzene, in which it is fairly soluble, when it formed 
rectangular plates which melted at about 126°. 

The hydrochloride was precipitated as a sticky solid by addition of ether 
to a solution of the base in alcoholic hydrochloric acid. It was crystallised 
from a mixture of dry ether and alcohol, when it melted at 263° with de¬ 
composition. 

Miotic activity of urethanes. 

The tests for miotic activity were carried out on cats as described in Part I. 
In general, 2 % solutions of the urethane in Ringer’s solution were employed. 
In the case of the methylurethane of o-hydroxybenzyldimethylamine, the 
hydrochloride of which has nofi been obtained in crystalline form, the base 
was dissolved in the calculated quantity of hydrochloric acid. The results 
obtained are given in the following table in which the estimated relative 
intensities of the activities of the active urethanes are indicated. 


Substance 

m-NH (CHj).CO. 0. C«H,.CHg.N (CHg)^, HCl 
m-NH (CHs). CO. 0. . CH-.TST (CHa)^! 

w-NH .00.0. . CHg. N (CHj,)^, HCl 

w-NH (OA ). CO. 0. C,H 4 . CHa. N (CHg),I 

(CeHs). CO. 0. CeH^. CH,. N (CHa)^, HCl 
p-NH (CHs) .00.0. C 0 H 4 . CHa. N (CHg)*, HCl 
p-NH (CHa). CO. 0. CalL. CH^. N (CHa)31 
p.NH (aHc).CO. 0.CeH*.OH,.N (CHa),, HCl 
o-NH (CHa). CO. 0. CH,. N (CH,),, HCl 


Miotic activity 

4 - 


+ -f- T 


+ -h + 

+ + + 4 - 4 - 
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Summary. 

1. The methyl-, ethyl- and phenyl-urethanes of the isomeric hydroxy- 
benzyldimethylamines, and the methylurethanevS of choline iodide and tropine 
have been prepared and, where possible, tested for miotic activity. 

2. Miotic activity was confined to the methylurethanes of the isomeric 
hydroxybenzyldimethylamines, the urethanes of choline iodide and tropine 
being inactive in 2 % solutions. This confirms the view that activity is asso¬ 
ciated with the fact that the miotics are substituted phenyl, as distinguished 
from alkyl, esters of carbamic acids. 

3. The activities of the methylurethanes of the isomeric hydroxybenzyl¬ 
dimethylamines are estimated to be in the order orfko- > para- > meta-. Con¬ 
version of the tertiary basic group into the quaternary ammonium group 
increased the activity of the or//^o-compound, diminished that of the mala-, 
and abolished that of the para-. 

The expenses of this investigation, which has been carried out during the 
tenure of a Carnegie Teaching Fellowship, has been met by grants from the 
Earl of Moray Research Fund of this University. 
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IV. THE DENATURATION OF PROTEINS. PART V. 
DENATURATION BY ACID. 

By henry KNUTSFORD CUBIN. 
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(Received December 1st, 1928.) 

In earlier work carried out in this laboratory by P. 8. Lewis [1926, 1927] on 
the heat denaturation of oxyhaemoglobin and egg-albumin it was shown that 
the unimolecular velocity constant characterising the process had a minimum 
value at the neutrality point of water (namely Pfi 6*76 at 37°), and, further, 
that the process appeared to be catalysed approximately to the same extent 
by hydrogen ions and by hydroxyl ions. In the region of minimal velocity 
it was also found that the denaturation })ossesses an extremely high critical 
increment, namely of the order 77,000 cals, for oxyhaemoglobin, and 130,000 
cals, for albumin. The temperature range for which these values were obtained 
was in round numbers 60° to 70°. 

In view of these facts it was considered to be of importance to extend the 
Pji range as far as possible in the direction of increasing acidity, such extension 
necessarily involving the employment of lower ranges of temperature in order 
to deal with reaction velocities which would not be immeasurably rapid. 

The present communication contains a summary of the results obtained. 
The proteins investigated, namely oxyhaemoglobin and albumin, were pre¬ 
pared and purified by the same methods as those employed by Lewis [1926, 
1927]. Lewis’s methods of determining the extent of denaturation at the 
various time intervals were also followed, with the exception that for denatura¬ 
tion at relatively low temperatures, such as 18°, it was necessary not only 
to cool the sample withdrawn, but also to adjust its p^ by addition of alkali 
to that of the isoelectric point to ensure that the denaturation itself is stopped, 
and also that all the protein denatured is precipitated. 

The velocity of denatirration has been determined at 18°, 25°, 37° and 45°, 
over different ranges of p^. The velocity constants given in the tables are in 
all cases calculated from the ordinary unimolecular expression in which the 
logarithm is to the base e and time is expressed in seconds. The stock solutions 
contained 0*5 % ammonium sulphate. It is known that this concentration 
of the salt does not appreciably affect the velocity of denaturation, and at the 
same time the ammonium sulphate not only acts as a preservative, but also 
ensures that the flocculation of the denatured protein shall be very rapid 
compared with the denaturation process itself. 
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All the results quoted are the mean values of concordant experiments. For 
the case of oxyhaemoglobin the average divergence of the mean values does 
not exceed 2 to 3 %; for albumin the error is somewhat larger. As a rule, the 
denaturation was followed to the extent of over 50 % in any individual run. 
The Pjj was determined by means of the quinhydrone electrode at 25° in all 
cases. 


Acid denaturation of oxylmemoglohin. 
Temperature 18® Temperature 25° 


Ph of 


Phi oi 


solution 

^uni ^ 19* 

solution 

X 10* 

4-08 

1095 

4-08 

17-61 

413 

8‘19 

4-13 

12-49 

4-30 

4-58 

4-32 

5-25 

4-39 

2-76 

4-39 

4-30 

4-40 

2-71 

4-41 

3-73 

4*49 

1*69 

4-52 

2-29 

4-56 

107 

4-64 

1-27 

— 

__ 

4-77 

0-51 

Temperature 37® 

Temperature 45° 





t —.. 




Ph of 


Pn of 


solution 

X 10* 

solution 

^iini X 10* 

411 

30-65 

— 

— 

415 

22-71 

4-23 

25-30 

4-31 

12-26 

4-45 

IMO 

4*48 

6-31 

4-52 

7-26 

4-51 

5-15 

4-63 

4-36 

4-60 

3-22 

4-74 

2-74 

4-68 

2 19 

4-90 

1-21 

4-85 

0-80 

5-10 

0-59 



5-50 

0-096 


Acid denaturation of egg-albumin. 

In connection with this protein previous workers have observed a change 
in during the course of heat denaturation. Consequently in the present 
series of measurements several determinations of values were made by 
means of the quinhydrone electrode at various points during the course of 
a run, and it can be quite definitely stated that, over the temperature range 
and Pjj range investigated by the writer, there appeared to be no sensible 
alteration in pjj as a consequence of denaturation. 


Temperature 25° * Temperature 37° 


Pu 

solution 

^uui X 10* 

Pn of 
solution 

^tinl X 10* 

1-02 

1-59 

102 

30-0 

M7 

1-35 

1*32 

8-83 

1-35 

^0-82 

1-46 

7-00 

1-52 

0*64 

1'68 

5-56 

1-72 

0-48 

1-62 

5-68 



1-80 

3-57 



1-99 

2-16 



2-26 

1-08 



2-55 

0-91 



3-83 

0'06 
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Pk of 
solution 

^uni ^10^ 

Pn of 
solution 

X 10* 

1'34 

3-88 

2-18 

0-96 

1-50 

2-84 

2-30 

0-82 

1-66 

2-45 

2-39 

0-65 

1-96 

1-61 

2-68 

0-35 

1'98 

1-73 

V 3-52 

012 


The critical incremeyit. 

This quantity, E, which represents the energy of activation of the denatura* 
tion process is calculated from the usual expression 



where and k^ are the observed velocity constants at the two temperatures 
Tg and . The values of E corresponding to the temperature range and to 
a number of values within the limits quoted above are recorded in the 
following tables. It may be pointed out that errors in the individual velocity 
constants become magnified in the calculation of the E values therefrom. The 
values quoted are consequently rounded. 


Critical increment of the acid denaturation of oxyhaemoglobin. 


Pn 

Temp, range 
18®-25® 

E in cals. 

Temp, range 
25®~37® 

E in cals. 

Temp, range 
37®-45° 

E in cals. 

41 

11,900 

— 

— 

4-2 

8,600 

11,100 

— 

4*3 

8,300 

14,100 

(6,600) 

4-4 

9,100 

12,800 

(4,000) 

4*5 

11,300 

11,700 

12,000 

4*6 

9,100 

12,000 

4*7 

_ 

12,400 

13,900 

4*8 

— 

12,500 


Critical increment of the acid denaturation of egg-albumin. 



Temp, range 


Temp, range 


25®-37® 


37°-45® 

Pn 

E in cals. 

Pn 

E in cals. 

1*1 

36,200 

1-4 

36,200 

1*2 

35,900 

1*5 

37,000 

1*3 

35,800 

1-6 

39,000 

1*4 

35,300 

1*7 

40,000 

1*5 

35,400 

1*8 

40,000 

1-6 

36,400 

1*9 

43,100 

1*7 

36,800 

2*0 

45,300 



2*1 

48,100 



2*2 

49,000 



2*3 

48,200 


Discussion. 

Even when full allowance is made for inevitable experimental error the 
striking result, shown in the foregoing tables, is that in the region of moderate 
acidity the critical increment of den^turation, both for oxyhaemoglobin and 
for egg-albumin, is very much lower than it is in the neighbourhood of the 
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neutrality point of water in which region the process is known as heat denatura- 
tion. It is not proposed in the present paper to attempt to offer any explana¬ 
tion of this. It is not even known with certainty, as yet, whether or not the 
moderate values of E which hold for the low pjj range and relatively low 
temperature tend to merge gradually into the extremely high values of E 
obtained at the high range and relatively high temperature characteristic 
of heat denaturation. If the change is a gradual one this would constitute 
an argument of some weight pointing to the fundamental identity of acid 
denaturation and heat denaturation respectively. Further work is being 
undertaken in this laboratory in this connection. 

As we have just had occasion to raise the question of the relation of heat 
denaturation to denaturation by acid, it may not be out of place to draw 
attention to yet another mode whereby denaturation is said to be brought 
about, namely, mechanical denaturation. In this connection certain results 
obtained by Wu and Ling [1927] may be cited to the effect that, in contrast 
to other forms of coagulation which involve denaturation as a distinct stage, 
mechanical treatment (shaking) leads directly to the observation that maximum 
velocity occurs at the isoelectric point. Under ordinary conditions the speed 
of denaturation is slow compared with that of the (subsequent) flocculation 
of denatured material. As a consequence of mechanical treatment it w^ould 
seem that the denaturation process has been greatly speeded up, so that the 
total observed effect is essentially a coagulation rate which w^ould naturally 
be a maximum at the isoelectric point. So far as this evidence goes it affords 
some slight support; to the view that denaturation is essentially a distortion 
or opening up of the protein unit, usually brought about as a consequence 
of localised chemical changes in the unit, but possibly much more rapidly 
brought about by mechanical treatment. 


The influence of formaldehyde upon the flocculation 
OF denatured protein. 

Flocculation of a protein is the process which is subsequent to denaturation 
and is rendered possible by it. Flocculation is usually ascribed to the inter¬ 
action of amino- and carboxyl groups situated on contiguous colloid units 
as a consequence of which these units increase in size by aggregation and 
eventually are coagulated. If this view be correct, then, if by any means either 
of these groups be blocked or inactivated, the resulting protein should not 
exhibit flocculation. To this end formaldehyde at various concentrations was 
caused to react with protein and the resulting material examined at various 

values including the isoelectric point itself. 

According to Harris [1923] the simplest mode of reaction of formaldehyde 
with an amino-group will lead to the formation of a methylene-imino-linkage, 
such reaction, however, not going to completion but attaining an equilibrium. 

The results obtained, probably owing to the existence of the equilibrium 
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just referred to, were not as conclusive as had been hoped. They may be very 
briefly summarised as follows. 

(a) In solutions of denatured oxyhaemoglobin containing formaldehyde 
(up to 0-5 %), some precipitation occurs on the acid side of the isoelectric 
point as far as 3, and at the isoelectric point. There is no precipitation at 
jOjj 7 and at higher pij values. 

(b) In solutions of denatured oxyhaemoglobin not containing formaldehyde 
there is complete precipitation at the isoelectric point and within a certain 
range on either side thereof, ^^c. precipitation is still practically complete 
even at p^ 8 and decreases as the solution becomes more alkaline, whilst on 
the acid side the precipitate is still fairly complete even as far as pjj 3. The 
range over which precipitation occurs is greater in the absence of formaldehyde 
than in its presence. 

As in the case of denatured oxyhaemoglobin the p^j range and degree of 
precipitation of denatured egg-albumin are both decreased by the addition 
of formaldehyde, and the greater the amount of formaldehyde added the 
greater the decrease. 

The behaviour of both proteins towards formaldehyde may therefore be 
taken as evidence in support of the view that flocculation involves the amino- 
(and consequently the carboxyl) groups. 

Summary. 

1. The uniniolecular velocity constants of the denaturation, by means of 
acid, of the two proteins oxyhaemoglobin and egg-albumin, have been deter¬ 
mined at various temperatures and over a considerable p^j range. 

2. From the observed velocity constants the corresponding values of the 
critical increments of activation for different temperature ranges have been 
calculated. It is found that for the acid denaturation of oxyhaemoglobin the 
critical increment has an average value of 12,000 cals. For egg-albumin the 
corresponding quantity lies between 36,000 and 48,(K)0 cals. 

3. Attention is drawn to the marked difference in the magnitude of thc' 
critical increments recorded and those already obtained for so-called heat 
denaturation, namely, 77,000 cals, for oxyhaemoglobin and 130,000 cals, for 
egg-albumin. Whether the values for acid denaturation merge into those for 
heat denaturation as the acidity and temperature range are altered to those 
usually associated with heat denaturation is under investigation. 

4. The influence of formaldehyde upon the flocculation of denatured 
protein has been examined. It is found that the p^ range over which precipita¬ 
tion occurs is greater in the absence of formaldehyde than in its presence. 
This serves to confirm the generally accepted view that flocculation involves 
the amino- (and consequently the carboxyl) groups. 
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This investigation was carried out under the direction of Professor W. C. M. 
Lewis, F.R.S. The author desires to acknowledge his indebtedness to Imperial 
Chemical Industries Ltd., for a grant to the Department of Physical Chemistry 
of the University of Liverpool which partly covered the expenses of the work. 
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V. THE DETERMINATION OF SMALL QUAN¬ 
TITIES OF STARCH IN VEGETABLE TISSUE. 

By ERNEST JOHN BROOK BISH. 

From, the Plant Physiological Laboratory, The University, Bristol, 

(Received December 5th, 1928.) 

In some work on the reserve foods of the bracken fern, it was found necessary 
to use an accurate method of estimating starch in small quantities. Methods 
commonly in use which involve comparison of determinations of the sugar 
mixture, obtained after hydrolysis, by reduction of copper salts, and by the 
polarimeter, were not suitable as the quantities were too small for the use of 
the polarimeter. A method was therefore devdsed by which the copper-re¬ 
ducing power of the hydrolysed starch in the plant material was related to the 
reducing power of known quantities of a carefully purified starch preparation. 
Such a method does not give absolute values as the reducing power of starches 
of different origins is not the same. It does, however, give values comparable 
with each other for any one material and this is sufficient for many purposes, 
such as the comparison of the amounts of starch present at different stages of 
development. 

The standard starch used for comparisons was prepared as follows. 
Lintner’s soluble starch was washed carefully by decantation with six changes 
of distilled water. The remaining water was removed by washing in a similar 
way with three changes of absolute alcohol and drying to constant weight at 
105'’. Amounts of this preparation ranging from 0*1 to 0*8 g. were then 
weighed into clean dry conical flasks of 125 cc. capacity and 40 cc. of distilled 
■water added. The mixture was then boiled for 30 seconds to emulsify the starch 
and cooled to room temperature, 5 cc. of a 0-2 % or 0-4 % aqueous solution 
of takadiastase (Parke Davis and Co., Ltd.) were added together with 0*05 cc. 
5 % acetic acid and 0*2 cp. toluene, and the mixture was incubated at 36*8'’ for 
24- or 48-hour periods. The same concentration of enzyme was used through¬ 
out; 0*2 % or 0-4 % gave very nearly the same results but smaller concentra¬ 
tions led to variations. Trials showed that after 48 hours the reaction was not 
quite complete, though even after 24 hours it was sufficiently slow to give 
consistent results, while shorter periods gave variable results. 

The most suitable temperature was found by experiment to be 37®. At 
lower temperatures hydrolysis was slower and the copper-reducing power was 
not consistent. The temperature of the incubator was regulated to ± 0-3® 
about a mean of 36-8®> whilst that of the hydrolysis liquid varied ± 0*1® about 
the same mean. The addition of the acetic acid fixed the at 5*5, at which 
value it remained constant throughout the reaction. 
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The copper reducing power was determined by Shaffer and Hartmann’s 
method [1921] after several others, such as those of Pavy, Bertrand and 
Benedict, had been tried. All determinations were carried out in the following 
manner. The hydrolysis mixture, after the proteins, tannins and mucilages had 
been precipitated (see later), was neutralised to litmus and made up to a 
definite volume. 50 cc. of this solution were then pipetted into a conical 
750 cc. flask and 50 cc. of Shaffer and Hartmann’s reagent added, together 
with some pieces of unglazed plate. The mixture was brought to boiling point 
in four minutes, boiled for exactly five minutes, and cooled for three minutes 
under running water. As a constant source of heat an electric hot plate 
or a Bunsen burner, shielded from air currents by enclosure in a suitably 
ventilated tin, was used. A reflux condenser prevented concentration of the 
liquid by evaporation. The ''cuprous titration” [Shaffer and Hartmann, 1921] 
was used exclusively. 

A series of determinations upon different quantities of prepared starch 
was thus made. For use, it is convenient to plot the copper values (mg. copper 
reduced) against the weight of starch employed. The points fall very accurately 
in a straight line and from this graph, the amount of starch in the sample of 
plant material corresponding to the amount of copper reduced may be readily 
obtained. As has been said, this is only relative. 


Table 1. Standard sfarckjcopper values after hydrolysis 
with 0*2 % takadiastase. 

24 hours’ inciibation 48 hours’ incubation 


Wt. of starch 

W't. of copper 

Wt. of starch 

Wt. of copper 

(nig*) 

reduced (mg,) 

(mg.) 

reduced (mg.) 

310 

47-4 

20-0 

36-1 

400 

56-2 

30-0 

50-0 

53-2 

67-4 

41-0 

62-4 

60-0 

76-8 

59-8 

82-4 

71-4 

86-5 

69-7 

92-9 

89-9 

106-9 

78-5 

105-6 

1(K)1 

116-5 

80-0 

108-4 

IKK) 

123*0 

88-1 

116-9 

119-9 

135-3 

103-5 

129-7 

140-0 

157-9 

108-7 

134-7 

— 

— 

119-9 

152-4 

— 

— 

139-9 

171-0 


The plant material, in this case bracken rhizome, was washed in water, 
killed by immersion in a bath of boiling methylated spirit to which sufficient 
ammonia (sp. gi*. 0*8) had been added to make the total concentration of 
ammonia 1 %, and dried for 24 hours at 105°, The weight was then constant, 
as far as constant weight is possible with hygroscopic material. The dried 
material was powdered and could then be stored in well-stoppered bottles 
without showing any fungus growth even after 3 years. 

A weighed amount of the dried tissue powder was placed in a fared Soxhlet 
extraction thimble and extracted for 24 hours with absolute alcohol in a 
SoxHet apparatus, dried for 12 hours at 105° and weighed again. It was 
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absolutely necessary to conduct these weighings in a stoppered weighing- 
bottle. This extraction removed the sugars, chlorophyll and some of the pro¬ 
teins, and also rendered the material more easily soakable with water afterwards. 
4 to 10 g. of the dry powder were weighed into a dry conical 125 cc. flask, 
emulsified with 40 cc. of water and hydrolysed in exactly the same manner as 
the standard starch. The reaction was stopped at the end of 24 or 48 hours by 
the addition of the reagent used for precipitating the remaining proteins, 
tannins, and mucilages. 

Two such reagents were used with equal success and equally without effect 
upon the copper-reducing power of the products of hydrolysis. 



Mg. of copper. 

Fig. 1. 

Standard etarch/copper values 

A. 24-hour period incubation. 

B. 48-hour i>eriod incubation. 

(1) Lead acetate. 20 cc. of a saturated solution of neutral lead acetate 
(a.r.) were added and the le^d was almost entirely precipitated by the addition 
of 20 % potassium hydroxide, excess of the latter being avoided to prevent 
re-solution of any protein material. Upon filtration, a practically colourless 
liquid was obtained which contained no tannin, mucilage or protein. The 
excess of lead was removed by passing hydrogen sulphide, filtering, and 
subsequently aerating the filtrate for ten minutes to remove excess of hydrogen 
sulphide. The liquid was neutralised to litmus by potassium hydroxide and 
made up to a definite volume. 

(2) Mercury salts. This was a modification of the method described by 
Thomas and Butcher [1924], the mercury solution being prepared according 
to their formula. 20 cc. of this solution were added to the hydrolysis liquid 
after incubation. Solid sodium bicarbonate was then added in small quantities 
until frothing ceased, followed by 5 % sodium bicarbonate solution until 
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neutral to litmus. After filtration to remove the precipitate, which included the 
tannins, proteins and mucilages, the filtrate was acidified with dilute hydro¬ 
chloric acid. The remaining mercury was precipitated by passing hydrogen 
sulphide and filtering. Excess of hydrogen sulphide was removed by aeration 
as before, and the liquid neutralised to litmus. The copper-reducing power was 
then determined in the same way as for the standard starch. 

Successive estimations on the same sample of rhizome gave concordant 
results, e.g. 


Average 


Sample 1 

Sample 2 

Sample 3 

(%) 

(%) 

i%) 

16-0 

26-4 

14 2 

16-2 

26-0 

14-4 

16-6 

26-6 

14-6 

16-2 

26-3 

14-4 


A further test of the reliability of the method was given by estimating the 
amount of starch in a rhizome sample, adding a known weight of the prepared 
starch to another portion of the same material and making an estimation of 
the total starch. 

The results of two such experiments show a very close agreement. 

Wt. of starch in Wt. of starch VVt. of starch 

dried rhizome added determined 


(g.) 

0-712 

0-630 


(g-) (gO 

0-105 0-820 

0-050 0-690 


Summary. 


This paper describes a method for comparative estimation of small amounts 
of starch in vegetable tissue. 


I am indebted to Professor 0. V. Darbishire, the late Mr C. Hunter, M.Sc., 
and to Dr Macgregor Skene, for many helpful suggestions. 
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VI. NOTE ON THE CHARACTERISATION OF THE 
ANTHOCYANINS AND ANTHOCYANIDINS BY 
^EANS OF THEIR COLOUR REACTIONS 
IN ALKALINE SOLUTIONS. 

By ALEXANDER ROBERTSON and ROBERT ROBINSON. 

From the U7iiversity, Manchester, University College and the 
East Londmi College, Lo7idon. 

{Received December 11th, 1928.) 

Fear and Nierenstein [1928] have pointed out that the colour reactions of 
the anthocyanins, which are indicators, should be examined in solutions of 
definite and their contention Ls undoubtedly correct. It would be a mistake, 
however, to conclude that the earlier observations are entirely lacking in 
significance simply because this refinement has not hitherto been adopted, 
and, for example, the efiect of elimination or modification of the hydroxyl 
in })Osition 3 in the pyrylium ring on the colour reaction is very marked. Thus 
both luteolinidin chloride [Pratt and Robinson, 1925] and chrysanthemin 
chloride [Willstatter and Bolton, 1916] give violet solutions in aqueous sodium 
carbonate and these become blue on the addition of sodium hydroxide; 
cyanin chloride [Willstatter and Everest, 1913] gives a blue solution in 
aqueous sodium (carbonate. 

It was inferred that chrysanthemin chloride should be the 3-glucoside of 
cyanidin chloride and this has since been proved to be correct by the synthesis 
of the anthocyanin. 

The examination of the reactions of the anthocyanidins in a range of 
buffered solutions has showTi that this method is by far the most reliable for 
purposes of comparison and characterisation; it is of even greater value in 
this connection than a study of the absorption spectrum. 

Qn the one hand various properties— 'pseado-hdi^m formation and colour- 
base precipitation, ease of oxidation and so forth, are incidentally revealed 
and on the other, different anthocyanidins, as for instance, peonidin and 
malvidin, may exhibit identical absorption spectra [Schou, 1927]. 

A few examples have been selected to illustrate the method and it is hoped 
that the data will be found useful for the identification of anthocyanidins 
derived from natural somces. 

Pear and Nierenstein state that cyanidin chloride from cyanin behaves 
differently frorn synthetic 3:5:7: 3': 4'-pentahydroxyflavylium chloride 
and it is evident that by some misfortune they have not succeeded in obtaining 
a homogeneous specimen of the latter substance. 


3—2 
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We repeat an emphatic affirmation that pure synthetic 3 : 5 : 7 : 3' : 4'> 
pentahydroxyflavylium chloride, best prepared by hydrolysis of its benzoyl 
derivative, exhibits no divergences from cyanidin chloride and this is true, 
to the minutest detail, in regard to the tests described below. 

Indeed the constitution of cyanidin chloride in its main structural outlines 
(carbon and oxygen skeleton) is established as firmly as that of any^ other 
compound and no attempt [Malkin and Nterenstein, 1928J to reconcile the 
results of Nierenstein [1921] in the field of catechin chemistry with the 
conflicting results of Freudenberg and Purrman [1924], by suggesting a 
modified cyanidin formula, can succeed. The explanation of the discrepancies 
must be sought elsewhere. 

Experimental. 

The buffered solutions were prepared from the tubes of Universal Buffer 
Mixture,” supplied by the British Drug Houses Limited. This mixture is 
stated to be compounded in accordance with a formula of Prideaux and 
Ward [1924] but the exact composition has not been disclosed. 

It may happen that this excellent commercial product may be unobtainable 
in some quarters or at some future time and as it is in any case necessary to 
guarantee the reproducibility of our results we think it well to mention that 
a mixture of 0*04 g. mol. each of phenylacetic acid, boric acid and potassium 
dihydrogen phosphate appeared to be the equivalent of the contents of one 
of the tubes supplied. Phenylacetic acid, boric acid and potassium dihydrogen 
phosphate (0-02 g. mol. each), together with n cc. of 0*2 N sodium hydroxide, 
were dissolved in water and made up to 1000 cc. The solutions used and the 
approximate pjj of each, as found by means of indicators, were the following: 
(1) n ^ 0;p„, 3-2; (2) - 25; 3*8; (3) n - 50; pe. 4*4; (4) n 75; 5-0; 

(5) n - 100; 5-6; (6) n - 125; p^, 6-2; (7) n - 150; p^, 6-8; (8) n - 175; 

Ph, 7*4; (9) n - 200; pn, 8-0; (10) n 225; pn, 8*6; (11) -- 250; p,,, 9-2; 

(12) n- 275; p^, 9-8; (13) n - 300; p^, 10-4; (14) n- 325; pn, 11-0; 
(15) n - 350; (16) n - 400; (17) n - 450. 

The anthocyanidiii chloride (26-00 mg.) was dissolved in 98 % alcohol 
(100 cc.) and 1 cc. of the solution added from a burette to 10 cc. of the buffered 
solutions or of other solutions mentioned below. 

Apigeninidin cMoride, The alcoholic solution was orange; 1 % hydro¬ 
chloric acid, bright canary yellow unchanged after 24 hours; 20% hydro¬ 
chloric acid, bright canary yellow and after 24 hours almost the whole of the 
salt had separated in clusters of microscopic prisms; (1) more orange yellow 
than the solution in 1 % hydrochloric acid, unchanged after 24 hours; (2) more 
intense yellowish orange, slight fading after 24 hours; (3) reddish orange 
fading slightly during 24 hours; (4) orange red, after 24 hours, long, slender 
crystals of colour base deposited; (6) darker orange red, after 24 hours colour 
base crystallised in slender needles; (6) brownish red, after 24 hours slight 
fading; (7) brownish red, a little bluer, same as (6) on keeping; (8) still a little 
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bliier brownish red, same as (6) on keeping; (9) bluish red, same as (6) on 
keeping; (10) cherry red, bluer than (9) and became like (6) on keeping; 
(11), (12), (13), (14), (15) same as (10); (16) same as (10) but became reddish 
orange after 24 hours; (17) same as (10) but became greenish yellow after 

24 hours. 

Pelargonidin cMoride. 1 % and 20 % hydrochloric acid, orange red with 
bluish tinge in thin layers; (1) identical with hydrochloric acid solutions, 
colour faded but more slowly than in (2), (3) and (4), in 2 hours very faintly 
coloured, in 3^ hours colourless and remained so; (2) a little browner orange 
red, almost all colour disappeared in 17 minutes and colourless in 30 minutes; 
(3) bluish red fading quickly to pink and became colourless a little more 
rapidly than (2); (4) cherry red fading rapidly, still more so than (3); (5) bluish 
red, after 15 minutes rose coloured, after 3^ hours colourless (it should be 
noted that observations at all intermediate times could not be made and, for 
example, this solution may have been colourless after 2 hours); (6) violet red, 
after 3J hours pale pink and after 24 hours still very weak red colour; 
(7) slightly bluer violet red, subsequent changes like (6); (8) like (7), after 
3| hours faded brownish pink, more intense than (7); (9) deeper \dolet, after 

25 minutes reddish violet, after 24 hours weak reddish brown whereas (8) 
at this stage had a much weaker red colour; (10) violet, blue in thin layers, 
in 5 minutes pale \dolet, in 25 minutes reddish violet, after 24 hours weak 
reddish violet; (11) a little bluer than (10), after 25 minutes reddish violet, 
after 24 hours weak reddish violet; (12) a little bluer than (11) and dichroism 
less pronounced, after 10 minutes violet, after 25 minutes red violet, after 

24 hours weak reddish violet; (13) again bluer, after 10 minutes violet, after 

25 minutes red violet and after 24 hours very weak reddish brown; (14) similar, 
thin layers are greener blue, after 10 minutes violet, after 25 minutes violet, 
after 3J hours weak reddish violet, after 24 hours very faint orange; (15), (16), 
(17) similar to (14) on mixing and after 24 hours, but became pale grey blue 
in 3 hours, 

Cyanidin cJdorides. 1 % and 20 % hydrochloric acid, eosin red, much 
bluer than pelargonidin; (1) red, slightly bluer than 1 % hydrochloric acid; 
the colour faded very slowly, after 184 hours colourless; (2) bluish red, after 
2^ minutes colour distinctly less inteiivse, after 10 minutes considerable fading, 
after 45 minutes colourless; (3) reddish violet, after 10 minutes very weak, 
after 25 minutes colourless whereas at this stage both (2) and (4) retained 
weak colour; (4) bluer reddish violet, after 10 minutes colour much faded, 
after 45 minutes still weak violet, after 18| hours colourless; (5) reddish 
violet, still bluer than (4), 15 seconds after mixing the colour-base separated 
giving opalescent solution; after 18J^ hours precipitate of violet colour-base 
and colourless supernatant liquid; (6) bluer reddish violet of increased tinctorial 
intensity, no precipitate, after 18^ hours almost colourless—very faint pink; 
(7) violet tinged with red, after 18| hours very faint pink; (8) very like (7); 
(9) again similar but a little bluer and already blue in very thin layers, after 
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8 minutes became weak grey violet, after 18 J hours almost colourless; (10) much 
bluer violet and pure blue in thin layers, after 18| hours extremely weak grey; 
(11) similar to (10) but less dichroic, not so red violet in thicker layers, after 
18^ hours same as (10); (12) same as (11); (13) same as (11), after 18^ houn^ 
pale orange yellow; (14) less dichroic than (11), after 18i hours more intensely 
yellow than (13); (15) still less dichroic and still deeper yellow on keeping 
18| hours; (16) greenish blue, after 30 minutes colour largely disappeared, 
after 18^ hours deeper yellow than (13); (17) bluish green, after 8 minutes 
almost colourless, after 30 minufes orange yellow, after 18J hours deeper 
yellow than (13). 

b-O-Benzoylcyanidin chloride. The alcoholic solution was the colour of an 
aqueous permanganate solution. 1 % hydrochloric acid, bluish red of no 
great tinctorial intensity, after 30 minutes faint pink, after 1| hours colour¬ 
less; 20% hydrochloric acid, the salt ’was precipitated leaving a colourless 
solution; (1) bluish red rapidly fading and colourless after 1 minute; (2) bluish 
red, after 12 minutes colourless; (3) similar but still slower fading, after 
12 minutes faint pink, after 30 minutes colourless; (4) similar, a little slower 
fading; (5) red violet, after 12 minutes weak violet pink, after 30 minut('S 
pale reddish violet, after 24 hours colourless; (6) more intense violet fading 
somewhat rapidly, after 12 minutes very pale violet, after 24 hours still a 
violet tinge; (7) very similar to (6) but faded a little less throughout; (8) similar 
to (7) and fading a little less throughout; (9) blue violet, did not fade very 
rapidly but became more violet; (10) blue with violet tinge becoming more 
violet, after 12 minutes violet blue, after 30 minutes violet, after 24 hours 
reddish yellow; (11) blue with slight violet tingje, subsequent changes like 
(10); (12) pure blue in thin layers, after 6 minutes violet blue, after 25 minutes 
blue violet, after 24 hours yellow; (13) same as (12) but became violet a little 
more slowly; (14) pure blue, after 20 minutes green, after 24 hours yellow ; 
(15) pure blue, after 5 minutes green, after 20 minutes greenish yellow^ after 
24 hours yellow; (16) greenish blue changing through green to yellow more 
quickly than (15); (17) similar to (16). 

Peonidin chloride. 1 % and 20 % hydrochloric acid, eosin red, same shade 
as cyanidin, unchanged after 18| hours; (1) eosin red a little bluer than 
hydrochloric acid solutions, after 15 minutes faded and after 24 hours colour¬ 
less; (2) cherry red, fading is most rapid at this pjj, after 30 minutes colour¬ 
less ; (3) bluer red, after 2 minutes browner red fading rapidly, after 15 minutes 
the colour was weak, after 11| hours colourless; (4) bluish red which quickly 
faded and became browner, after 18| hours some colour-base had separated; 
(5) very much like (4); (6) reddish violet which did not fade sq quickly as (5), 
(4), (3) and (2), after 18| hours some colour-base had separated; (7) violet with 
reddish tinge, bluer than (6), fading comparatively slowly, after 18| hours 
faint pink and no precipitate; (8) violet, after 18| hours faint reddish violet; 
(9) bluish violet, blue in thin layers, after 18^ hours weak violet; (10) blue, 
violet in thick layers, after 18| hours bluish grey; (11) a little greener blue 
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becoming still greener in 1 minute, after 18| hours bluish grey; (12) like (11), 
after 18| hours greenish grey; (13) greenish blue, after 18| hours weak yellow; 

(14) , (15), (16), (17) almost same as (13) but curiously the fading in (16) and 
(17) was less rapid than in (14) and (15); this suggests that both oxidation 
and f}>eudo-\yc\m formation are involved. 

Malvidm cMoride. 1 % and 20 % hydrochloric acid bluish red, unchanged 
after 24 hours; (1) a little bluer red, weak pink after 20 minutes, colourless 
after 50 minutes; (2) similar to (1) but fading more rapidly, almost colourless 
after 20 minutes; (3) bluish red at once changing to pale brownish cherry red, 
after 5 minutes pale rose, almost colourless after 20 minutes; (4) similar to (3); 
(5) similar to (3) and (4) at first but fading is most rapid and in less than 
15 minutes there was a brown violet red precipitate in a colourless solution, 
after 3 hours there was still a flocculent precipitate but after 5 hours all the 
solid had passed into solution; (6) violet fading rapidly with a slight precipitfi- 
tion; almost colourless after 3 hours; (7) pure violet solution blue in thin 
layers and no preci])itate, after a few minutes faded violet blue, after 3 hours 
pale blue, after 24 hours almost colourless; (8) blue, violet in thick layers and 
rapidly fading, after 10 minutes the series (8), (9), (10), (11), (12) had all 
faded similarly and there was little divergence in the colours which ranged 
from weak violet blue to weak greenish Hue, after 2| hours the series (8) to 
(12) were very pale blue to greenish blue, after 24 hours (10), (11) and (12) 
were pale orange; (9) pale blue fading rapidly; (10) greenish blue fading rapidly; 
(11) similar to (10); (12) similar to (10); (13) greenish blue becoming greener 
as it faded, bluish green after 30 minutes, the change to green occurred 
more and more rapidly in the ensuing series (13) to (17), on keeping changes 
like (10); (14) similar, yellowish green after H hours; (15) similar, greenish 
yellow after 1^ hours; (16) similar, brownish yellow after 1| hours; (17) similar. 

Cyanin chloride. In the case of anthocyanins, 25'(K) mg. were dissolved in 
100 cc. of methyl alcoholic hydrochloric acid (1 cc. aqueous hydrochloric 
acid, sp. gr. M6, made up to 1000 cc. with methyl alcohol); the acid thus in¬ 
troduced causes a reduction of 0*1 in the of all the solutions. The specimen 
of cyanin chloride employed was derived from deep-red dahlia flowers and 
was kindly sent to us by Professor R. Willstatter, to whom we are greatly 
indebt/cd. 

Solutions in 1 % and 20 % hydrochloric acid were salmon red; (1) pink, 
much less intense owing to j?sewdo-base formation; (2) a little bluer than 
(1) and rapidly faded; (3) bluish red fading rapidly; (4) permanganate- 
coloured fading rapidly; (5) similar, fading less quickly; (6) similar but colour 
more intense and fading quite slowly; (7), (8), (9) similar to (6); (10) reddish 
violet; (11) violet; (12) violet; (13) bluer violet; (14) violet blue fading quickly; 

(15) blue fading quickly; (16) greener blue fading rapidly; (17) similar. 

After 15 to 20 minutes (1) was pink and the colour diminished in the 

series to (6) which was colourless; (6) had faded but was intense in qom- 
parison with (1); (7), (8), (9), (10), (11) and (12) had faded somewhat and formed 
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a series ranging from violet red to violet; (13) was weak violet; (14) weak 
violet blue and (15), (16) and (17) were almost colourless (grey). 

After 5 hours (1) was feebly pink and the colour diminished to (5) which 
was colourless, then gradually increasing reddish violet to (10) which was 
however very pale coloured; (11) was similar but not so clear toned; (12) to 
(17) inclusive were pale yellow. 

After 20 hours the solutions in 1 % and 20 % hydrochloric acid were 
unchanged; (1) was pink and the colour in the range diminished to (5) which 
was colourless, then increased to (9) which was weak pink; (10) was weak 
brownish pink and (11) and the remainder were pale yellow. 

Malvin chloride. We are greatly indebted to Professor P. Karrer for the 
provision of a specimen of this diglucosidic anthocyanin. The solutions in 
1 % and 20% hydrochloric acid were bluish red; (1) bluish red becoming 
pale rose in a few seconds; (2) quickly decolorised; (3) same as (2); (4) bluish 
red fading in the course of 2 minutes; (5) reddish violet fading slowly; (6) violet 
fading slowly; (7) bluish violet; (8) violet blue; (9) blue; (10), (II) and (12) 
similar to (9); (13) blue fading to greenish blue; (14), (15), (16), (17) blue 
fading with increasing rapidity to pale green. 

After 20 minutes (1) was pink, (2), (3), (4) and (5) were colourless, (6) was 
weak reddish violet, (7) was a little deeper violet; (8) was bluish violet; 
(9), (10), (11) and (12) were blue; (13) was greenish blue; (14) was bluish 
green; (15) was yellowish green; (16) w^as greenish yellow, and (17) was yellow\ 

After 5 hours (1) to (8) inclusive were almost colourless ((1) was tinged 
pink, (7) reddish violet, and (8) pale blue); (9) wus vreak violet blue; (10) was 
weak pure blue; (11) was pale greenish blue; (12) w^as pale green, and (13) 
to (17) inclusive were yellow. 

After 20 hours (1) was faint pink; (2) to (6) inclusive w^ere colourless; 
(7) was very faint pink; (8) was very faint blue; (9) was pale blue; (10) was 
blue; (11) was bluish green, and (12) to (17) were yellow. The solutions in 
1 % and 20 % hydrochloric acid were unchanged. 

Other anthocyanins have been similarly characterised and the results 
will be subsequently recorded in connection wdth synthetical experiments. 

It should be stated that all the tests were carried out in the summer and 
that the room temperature was 20-25°; no precautions were taken to exclude 
air. 
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VII. THE RELATION BETWEEN CYSTINE YIELD 
AND TOTAL SULPHUR IN WOOL. 

By CLAUDE RIMINGTON. 

From the Biochemical Department, l^ritish Research Association, for the 
Woollen and Worsted, Industries, Torridon, Ilemlingley, Leeds. 

{Received December 24th, 1928.) 

In an investigation now in progress upon the nature of the sulphur linkage in 
wool, it became important to know whether the whole of the sulphur could 
be accounted for as cystine, or w^hether there existed other, hitherto undis¬ 
covered, amino-acids present in the protein molecule and containing the 
element sulphur in their constitution. Suggestions of such a nature have 
been made from time to time. 

The kind of evidence usually brought forward as indicative of the presence 
of sulphur-containing substances other than cystine is divisible, broadly, 
into arguments of two kinds. First, differences have been noted and em¬ 
phasised in the manner of reaction, towards alkaline solutions, of cystine and 
[iroteins. The latter lose all or a part of their sulphur with comparative ease, 
the sulphide ion being formed; cystine solutions under similar conditions 
suffer far less change. Moreover the fraction of the total sulphur which is 
eliminated as sulphide is not the same in all proteins but varies between wide 
limits [see Osborne, 1900; Fleitman, 1847,1848; Kriiger, 1888; Morner, 19011. 

The second class of arguments was based on the fact that in no case does 
the yield of cystine obtained from a protein after hydrolysis approach the 
value to be expected, were its suljihur present solely in this form. This aspect 
of the matter has been dealt with by Harris [1923] and by others. Cystine 
is not an easy amino-acid to isolate in quantitative yield, even from pure 
solutions, as Harris has shown, and its solubility, and therefore the difficulty 
of its separation, is enormously increased by the presence of other amino-acids 
[of, Hopkins, 1921], 

The methods available for its isolation have been reviewed by Barr it t 
[1927], whose work represents the most recent attempt to obtain quantitative 
isolation from wool. Even under the most suitable conditions, in no case 
was he able to obtain more cystine than corresponded to 66 % of the total 
sulphur. 

Since the work of Abel and his associates upon the sulphur of insulin, the 
qgestion of the ratio of “labile’’ to “firmly bound” sulphur in proteins has 
taken on a new interest. In this connection Brand and Sandberg [1926] have 
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made the important observation that lability of the sulphur atom towai^ds 
alkali differs enormously in the different compounds of cystine. Results of 
a similar kind have been obtained by Bergmann and Stather [1926]. On the 
other hand, du Vigneaud, Jensen and Wintersteiner [1928], working with 
crystallised insulin, found that after acid hydrolysis only about one half of 
the total sulphur,could be accounted for as cystine, using the Sullivan [1926] 
colorimetric method for the determination of the latter, whilst Folin, and 
Looney’s [1922] colorimetric reagent gave a value consistently higher and 
approximating closely to that of the total sulphur. The Sullivan method is— 
so far as is known—specific for cystirfe, whilst the Folin and Looney reagent 
develops a colour with all substances in which the S—S linkage is present. 
Hence it seemed probable to du Vigneaud and his collaborators that there 
was present in insulin a substance which was not cystine but which contained 
sulphur in disulphide linkage. 

Accordingly, for the purposes of the present investigation, it was decided 
to carry out cystine determinations upon acid hydrolysates of wool samples 
of different origin, using the two colorimetric methods mentioned above, and 
to compare the results so obtained with the cystine content reckoned by 
assuming all the sulphur of the wool to be present as cystine. 

In every case examined a very close agreement has been found between 
these two values, all the sulphur of the wool being accountable as cystine 
measured by the Sullivan method (the most specific, short of direct isolation). 
The Folin and Looney values were found consistently to be slightly high(‘r 
than the Sullivan values—and higher than the total sulphur—but this reagent 
is known to give a blue colour with tyrosine, hydroxytryptophan and other 
amino-acids. 

The conclusion is drawn, therefore, that the whole of the sulphur of wool 
is liberated as cystine when the protein is hydrolysed by acid. The method is 
clearly applicable to all other proteins. 

Experimental. 

Raw wool samples were used in every case. These were degreased by 
washing twice in warm (50'^) benzene, air-dried, and then washed thoroughly 
in cold 0-1 % saponin solution. Washing was effected by rinsing in many 
successive changes of distilled water, using a relatively large volume for each 
rinse. The wool was again air-dried by leaving it spread out very thinly in 
a tvarm dry atmosphere for several-days. Samples were then taken for sulphur 
and moisture (regain) determination and at the same time for hydrolysis. 
Moisture content was determined by recording the loss in weight when a 
current of dry air was led over the sample contained in a specially designed 
drying bottle and held at a temperature of 105°. Total sulphur was determined 
by the Bencdict-Denis method as used by Trotman and Bell [1926], or by 
the Carius method. 
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For hydrolysis 6 g, of air-dried wool were weighed out and added to 
100 cc. of boiling 20 % hydrochloric acid. Boiling was maintained, using 
a sand plate and reflux condenser and samples of 5 cc. were withdrawn at in¬ 
tervals of I hour, and thence at every hour from the time of commencement. 
Each sample was pipetted into a 50 cc. volumetric flask, diluted largely with 
water, and then rendered nearly neutral by the cautious addition of 5 cc. of 
20 % sodium hydroxide, after which the total volume -was made up to 50 cc. 
and the sample filtered. For cystine determination according to the Sullivan 
method 2 cc. of the sample were used, and a suitable amount of a standard 
0-05 % cystine solution in 0-1 hydrochloric acid, water being added to the 
standard if necessary to bring the volume to 2 cc. To each, 1 cc. of a 5 % 
sodium cyanide solution was added and after exactly 10 minutes 1 cc. of 
a 0-5 % solution of 1:2-naphthoquinone-4-8odium sulphonate and 5 cc. of 
10 % sodium sulphite in 0-5 N sodium hydroxide. After 15 minutes each 
flask received 1 cc. of 2 % sodium hydrosulphite in 0*5 N sodium hydroxide. 
Colours were compared in a Bausch and Lorab colorimeter. It was found by 
experience that results were not dependable unless standard and unknown 
solutions contained very nearly the same quantity of cystine, and therefore 
a separate standard was made up for determination of each sample, allowing 
a difference in reading of not more than 15 %. The sulphite, hydrosulphite 
and quinone solutions were always freshly prepared, never being more than 
four hours old. 

Using these precautions the method gave very satisfactory results. Since 
long boiling of cystine with strong acids converts it into an isomeric form 
differing from true cystine in crystalline form and in being optically inactive 
[Hoffman and Gortner, 1922], it w^as thought necessary to prepare some of 
this isomeric cystine and ascertain whether it w^as estimable by the Sullivan 
method. Accordingly 10 g, of cystine were boiled under reflux with 150 cc. 
of 20 % hydrochloric acid for 144 hours. The solution w^as filtered, decolorised 
with charcoal and the cystine precipitated by bringing to 3*7 with sodium 
acetate. After recrystallisation it was analysed and compared with ordinary 
cystine by the Sullivan method. It gave 99*5 % of the colour of true cystine, 
an agreement which is well within the sensitivity of the method. 

The Folin and Looney method was carried out employing 2 cc. of the test 
solutions and 2 cc. of the cystine standard. To each, 3 cc. of water were added, 
followed by^ 5 cc. of N sodipm hydroxide and 10 cc. of fresh 20 % aqueous 
sodium sulphite. After 5 minutes, 3 cc. of the Folin and Looney reagent 
were, added, and after waiting another 10 minutes the solutions were made 
up to a total volume of 26 cc. and compared. 

The cystine used as standard was analytically pure (S = 26*79 %). 

Total sulphur was determined upon 5 cc. of the hydrolysate by evaporating 
the hydrochloric acid in a silica dish on the water-bath adding 5 cc. of Benedict- 
Denis reagent and proceeding in the usual manner. 

A typical result is shown in the curve, Fig. 1 (Crossbred 50’s wool). The 
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liberation of free cystine proceeds rapidly and is complete within 5 to 7 hours. 
There is some indication of a fall after the maximum cystine value has been 
reached. This is in agreement with the findings of Merrill [1921], who also 
obtained the greatest yield of cystine from wool after 5 to 7 hours’ hydrolysis. 
This destruction of cystine probably accounts for the fact that the maximum 
value is generally about 0-5 % short of the total sulphur figure reckoned as 
cystine. It hardly seems likely that any other amiiio-acid should be responsible 
for this very slight amount of extra sulphur. The values obtained by the Folin 
and Looney method correspond closely with the maximum Sullivan value 
with the exception of the first three or four points (1 tp 2 hours). The fall from 
a value some 10 % higher than the final steady line is a constant feature 
observed in every experiment and can only be interpreted as indicating the 
formation of substances (possibly of phenolic nature) to which the reagent is 



Fig. 1. Hydrolysis of wool (Crossbred 50’s) by 20 % HCl. 

sensitive and which are comparatively rapidly destroyed. Abderhalden and 
Fuchs [1913] have shown that tryptophan and hydroxytryptophan give a 
blue colour with the phosphomolybdate-tungstate reagent; they may equally 
well react in the present circumstance. It is well known that these substances 
are not stable under the conditions of an acid hydrolysis. The Folin and 
Looney values, it will be noticed, do not show a gradual increase in cystine 
as hydrolysis proceeds, but reach their maximum directly the wool is dis¬ 
solved (within 10 minutes). As the reagent reacts with the disulphide linkage 
it would naturally react with cystine peptides and hence gives the form of 
curve to be expected. 

Most of the preliminary work was done upon a Crossbred 5()’s wool, 
S — 3*46 %, but among other samples examined were a typical low sulphur 
wool—Devon lamb’s wool, S ^ 3*34 %, and a high sulphur wool—Welsh 
mountain^, 8 ^ 4*08 %, and also a fine and a coarse Turkey mohair. No 
diSerence in behaviour was found between these and other wools. The 
following table shows the results obtained. 

^ For these samples and the determination of their total sulphur contents, I am indebted to 
Mr Bamtt, of this Association. 
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Table I. 


("ystine in hydrolyaato 


Wool 

Total S 
% dry wt. 

r 

By Sullivan’s 
method 
(max. vahie) 

g- 

By Folin 
and Looney’s 
method 

g- 

Total S 

of hydrolysate 
(as cystine) 
g- 

Ratio* 

Crossbred 50’s J 

3-40 

0-3780 

— 

0-3602 

+ 4-94 

„ n 

3-47 

0-5700 

0-5950 

0-5815 

-1-99 

„ „ Ill 

3-54 

0-5575 

0-5673 

0-5589 

- 0-25 

Devon lamb 

3-34 

0-5755 

0-5825 

0-6001 

-4-10 

Welsh mountain 

4-08 

0-r>3(K> 

0-64(K) 

0-6277 

+ 0-37 

Turkey mohair 

302 

0-5978 

0-6080 

0-5948 

+ 0-50 

(coarse) 

Turkey mohair (fine) 

318 

0-5405 

0-5564 

0-5393 

-f 0-22 

Cape merino 

307 

0-5875 

0-5963 

0-5887 

- 002 


* Total S (hydrolysate) - cystine (8ullivan) x 1(X) 

Total S 

Precipitation of cystine by phosphotmigstic acid. 

Since dii Vigncaud, Jensen and Wintersteiner [1928], found that their 
non-cystine, sulphur-containing substance could be approximately separated 
from cystine by precipitation of the latter with phosphotungstic acid, it was 
decided in the present case to adopt a similar procedure in order to check the 
results obtained. 

40 cc. of an acid hydrolysate—containing in all 232 mg. of cystine—were 
diluted to 240 cc. and 15 g. of phosphotungstic acid added. The flask w^as 
stoppered and immersed in ice for 24 hours. The phosphotungstates were then 
filtered off, washed and dissolved in sodium hydroxide. Phosphotungstic acid 
was removed from this solution and from the filtrate by barium chloride in 
the usual way and excess of barium by sulphuric acid. Determinations were 
then carried out by the Sullivan and Folin and Looney methods and yielded 


the following results. 

Phosphotiingsiate precipitate Filtrate 

Total cystine by SulliVan method. 117*5 mg_ ... 55-0 mg. 

Total cystine by Folin and Looney method. 120*6 mg. 65*0 mg. 

Total tyrosine by Folin and Ciocalteu method [1927] 100*8 mg. 

Equivalent colour as cystine^ ... ... ... ... 9*4 mg. 


Wool contains about 3 % of tyrosine. The quantity present in this experi¬ 
ment gives an equivalent cystine value with the Folin and Looney reagent 
of 9*4 mg. in the filtrate. Tyrosine alone would therefore account almost 
entirely for the discrepancy observed between the figures in the last column. 
A second experiment gave similar results. 

Determination of sulphir in wool from cystine yield. 

From the quantity of cystine formed when a sample of wool is boiled with 
hydrochloric acid, the amount of sulphur originally present in the wool may 

^ 10 mg. tyrosine were found to give the same colour with the Folia and Looney reagent as 
0*93 mg. of cystine, , 
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be determined. The following example is taken from an actual experiment 
using a Crossbred 5()’s wool. 

A known weight of wool was boiled for 7 hours in a Kjeldahl flask with 
20 % hydrochloric acid. When cool, the hydrolysate was neutralised by 
sodium hydroxide, the solution filtered and, together with the washings, made 
up to 100 cc. Cystine was determined in 2 cc. of this liquid using the Sullivan 
method. 

The moisture content of the wool was ascertained by weighing out a sample 
at the same time that the sample for hydrolysis was taken and proceeding as 
described earlier in this paper. 

The following figures were obtained. 

Weight of wool hydrolysed ... ... 0-5183 g. 

Moisture content ... ... ... ... 13-27 % of wet wt. 

Cystine in acid hydrolysate ... ... 57-75 mg. 

whence 

Sulphur content of dry wool . 3-43 %. 

The sulphur content by the Carius method was found to be 3-46 %. 

Summary. 

It may be concluded from these experiments that natural wools differing 
markedly in their sulphur content (3-34 % to 4-08 %—nearly the extremes 
of variation encountered) and also line and coarse samples of Turkey mohair 
are all capable of yielding their entire sulphur as cystine when hydrolysed by 
acids. There is no evidence of any other sulphur compound entering into their 
constitution. 

The author’s acknowledgments are made to Mr A. T. King, Chief Chemist 
to the Association, for help and advice rendered during the course of the work. 
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VIII. A SPECIFIC COLOUR REACTION FOR 
ERGOSTEROL. 

By OTTO ROSENHEIM. 

From the National Institute for Medical Research, Hampstead, 3. 

(Received December 27th, 1928.) 

The unique function of ergosterol as the parent substance of vitamin D made 
it desirable to find a colour reaction for it, by means of which it could be 
detected in the presence of other sterols. In searching for such a reaction, 
the property of formaldehyde of shifting the colour from the red into the 
blue ])art of the spectrum in the usual colour reactions of sterols [Whitby, 
1923; Rosenheim, 1927] suggested an investigation of the behaviour towards 
sterols of the aldehyde corresponding to trichloroacetic acid. This acid is 
known to give rise to colour reactions with cholesterol [Tscliugajeff, 1900]. 

Although anhydrous chloral proved to be non-reactive, it was found that 
both chloral hydrate and trichloroacetic acid give a characteristic blue colour 
reaction with ergosterol, whilst all the other naturally occurring sterols 
investigated, when })urified from ergosterol, remain colourless under the same 
(Conditions. The specimens of ergosterol used in these experiments had been 
fractionally recrystalliscd at 36° and possessed the highest optical activity, 
L«]d recorded [Tanret, 1908; see also Bills and Honeywell, 1928]. 

The reactions to be described are therefore unlikely to be due to impurities 
or degradation products of ergosterol. 

In contradistinction to naturally occurring sterols it was found, when 
studpng the reaction of sterol derivatives, that the production of an immediate 
red colour with either of these reagents is specific for the A^»‘^ (or 
linkage of the sterol ring system. These observations suggest an explanation 
of the mechanism of sterol colour reactions, which is applicable to all of 
them and will be discussed later. 

I. Chloral hydrate reaction. 

When a few crystals, 1 mg. or less, of ergosterol are added to about 
0*5 g. chloral hydrate, liquefied by warming in a water-bath, they dissolve 
and immediately give rise to a carmine red solution, showing a broad 
absqrption band at 500/z/x.. The red colour changes within a minute into a 
.green and finally into a deep blue, which persists for a considerable time. 
The esters of ergosterol react in the same way. The colour is discharged rapidly 
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by water or alcohol, more slowly by chloroform, benzene, toluene or other 
anhydrous solvents not possessing a hydroxyl group. 

Although the blue colour is discharged by dilution with water, a saturated 
aqueous solution of chloral hydrate (80 %) reacts in the typical manner 
when a drop of concentrated HCl is added. It would therefore appear that 
traces of an acid are essential for the reaction. 

Freshly distilled anhydrous chloral dissolves ergosterol. The colourless 
solution undergoes the above-described changes on the addition of one drop 
of water. On keeping under laboratory conditions, chloral, or its chloroform 
solution, attracts moisture and gradually becomes “activated,” so as to give 
the reaction with ergosterol without the addition of water. 

Colourless solutions are given under these conditions by all the other 
naturally occurring sterols, their esters and their reduction products. The 
following carefully purified sterols were examined; cholesterol, sitosterol, 
y-sitosterol (1 double bond); stigmasterol {2 double bonds); zymosterol, 
fungisterol (3 double bonds); i^'ocholesterol (saturated?), amyrol, coprosterol 
and dihydrositosterol (saturated). In the preparation of zymosterol from 
yeast and fungisterol from ergot [Rosenheim and Webster, 1928], it was 
found that the crude specimens gave the reaction strongly. The intensity 
of the reaction decreased, however, proportionately to their progressive 
purification and the removal of ergosterol. The agreement of the spectroscopic 
and biological examination with the colorimetric results justifies the con¬ 
clusion that the slight positive reaction of the purest specimens of zymosterol 
and fungisterol obtained so far is due to admixture of ergosterol. 

II. Trichloroacetic acid reaction. 

An aqueous solution, prepared by dissolving nine parts of the pure 
crystallised acid in one part water, was found to be the most suitable reagent. 
When this is added to ergosterol dissolved in a few drops of chloroform, an im¬ 
mediate red solution (band at 500 p-p.) is produced, which changes gradually 
into a clear blue (bands at 570-580 and at 650-680/up-), without showing the 
intermediate green phase of the chloral hydrate reaction. In distinction from 
the latter, the reaction takes place at ordinary temperature and has the further 
advantage of yielding a final blue solution, which may be diluted for colori¬ 
metric purposes with the reagent itself or with chloroform. Excessive dilution 
with chloroform or other solvents tends to change the colour into a bluish-green 
of the same shade as that given by ergosterol with a saturated chloroform 
solution of trichloroacetic acid. The latter solution undergoes decomposition 
on keeping, liberating phosgene and hydrochloric acid, and is not so suitable 
a reagent as the aqueous solution. 

, The sensitiveness of the reaction was determined by adding three drops of 
the reagent to 0*1 cc. of a chloroform solution (Containing known amounts of 
ergosterol. It was found that 0‘01 mg. ergosterol still gave a marked reaction 
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within 5 minutes, and that the colour is just recognisable with 0*005 mg. 
when compared with the colourless control. The sensitiveness is therefore of 
approximately the same order as that of the usual sterol reactions. 

Employing mixtures of cholesterol and ergosterol, prepared by mixing 
their solutions in chloroform, a strong reaction is obtained in the presence of 
0*5 % ergosterol in 0*1 g. cholesterol, and even smaller quantities down to 
0*1 % can be detected by comparison with the colourless cholesterol control. 
The amount of ergosterol in ordinary cholesterol, as estimated by the spectro¬ 
scopic test, may vary from 0-0*1 % according to the method of purification 
used and depending on the source of the sterol. Cholesterol prepared from 
brain or cod-liver oil, having undergone charcoal treatment, may occasionally 
be free from ergosterol [Rosenheim and Webster, 1927], whilst as much as 
0*12 % may be present in preparations from spinal cord [Bills, Honeywell 
and MacNair, 1928]. Examination of a large number of ‘"pure” specimens, 
M.p, 147-148^', prepared from brain, gallstones, liver, spleen, skin, blood, 
ovaries (pig), eggs (frog) and cod-liver oil gave negative tests in some cases 
(brain, gallstones) and positive reactions in most. The intensity of the reaction 
in descending order was approximately: eggs (frog), ovaries, liver, skin (pig), 
brain, spleen, blood. Specimens of sitosterol from wheat and maize also gave 
positive reactions before purification by the bromine method. Whilst the 
colour reaction for ergosterol in sterols probably does not equal that of the 
biological or spectroscopic test in sensitiveness, it affords chemical evidence 
for the assumption that the impurity in ordinary cholesterol, which gives rise 
to vitamin D on irradiation, is identical with ergosterol. 

The other naturally occurring sterols examined (see above) do not react 
with the freshly prepared reagent and remain colourless for more than 30 hours 
when kept at room temperature in the dark. On warming, however, cholesterol 
[Tschugajeff, 1900; Hirschsohn, 1902] and the other unsaturated sterols 
rapidly give a red solution, showing an absorption band at 500/xp,. 

, A specific reaction for the (or linkage in sterols, 

A study of the behaviour of the two reagents towards cholesterol deriva¬ 
tives, in which known chemical changes had been produced, shoWed that 
esterification of the hydroxyl group, its replacement by chlorine, or its 
complete removal, has no effect, for cholesterol acetate or chloride and 
cholestene gave colourless solutions. Reduction or bromination, etc., of the 
double bond are equally without influence, since dihydrocholesterol, cholestane, 
cholesterol dibromide and cholesterol oxide are also non-reactive. The doubly 
unsaturated ketone, ‘"oxycholesterilene’’ and dicholesteryl ether, as well as 
digitaligenin, also gave negative results. 

On applying the chibral hydrate and the trichloroacetic acid reaction to 
aifocholesterol and aifositosterdl, however, an immediate yellow — orange 
colour was produced, which rapidly deepened into a permanent carmine red. 
In both cases the red solutions showed an absorption band at 500/a/x. In 
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the AsClg and SbCIg reactions, the behaviour of the aWo-compounds is identical 
with that which they show with the above reagents. 

The conversion of cholesterol into the isomeride a/iocholesterol was 
effected by means of hydrochloric acid by Windans [1927], who also showed 
conclusively that a shifting of the double bond from to 2 
takes place under these conditions (see formulae I and 11, p. 52), 

The above results indicate that an immediate red colour reaction is directly 
dependent on the presence of the linkage^, and it seemed therefore of 
interest to test the behaviour of other sterol derivatives, in which the existence 
of the same linkage had been postulated. Heilbron and Sexton [1928] arrived 
at the conclusion that "^one of the ethenoid linkages in cholesterilene must 
occupy the same position as in (/r-cholestene,’’ which latter substance possesses 
only one double linkage, presumably in the same position as in aiZocholesterol. 
Specimens of cholesterilene, 0*cholestene and i/f-cholestane, prepared by these 
authors, were kindly put at my disposal by Prof. Heilbron, and it was found 
that both cholesterilene and i/r-cholestene gave an intense red reaction, the 
latter somewhat more slowly than the former. On the other hand, i//-cholestane 
remained colourless, as was to be expected in the case of this saturated 
hydrocarbon. 

The positive results confirm Heilbron and Sexton’s conclusions, and may 
be taken as supplementary evidence for the specificity of the reaction. They 
lead further to the suggestion that the primary red phase of the ergosterol 
reaction (see above) is due to the presence of the linkage. This conclusion 
is in agreement with that reached by Heilbron, Morton and Sexton [1928] 
from their studies of the ultra-violet absorption spectrum of cholesterilene, 
which led them to infer “that of the three double bonds in ergosterol, two 
occupy the same position as in cholesterilene.’’ The final blue stage of the 
ergosterol reaction may therefore justifiably be ascribed to the influence of 
the third double linkage, the position of which is at present unknown. 

It is of interest to note further that an immediate red reaction is also given 
by jS-cholesterol, an isomeride of cholesterol obtained by Diels and Abder- 
halden [1908], by heating cholesterol to 310"^. The position of the double 
bond in this isomeride remains unknown. It seems permissible to infer from 
the positive result of the above colour reaction that jS-cholesterol also contains 
the A^» 2 linkage, its isomerism with aZiocholestcrol being due to the attachment 
of the hydrogen atom to the carbon atom Cg (or Cj 3 ) in either the cis- or trans¬ 
position. 

The hathychromic effect of formaldehyde. In two colour reactions of chole¬ 
sterol, namely with concentrated H 2 SO 4 and with ASCI 3 , formaldehyde has 
a hathychromic effect, i.e. it deepens the colour from red to violet [Whitby, 
1923; Rosenheim, 1927]. The same effect is observe in the trichloroacetic 
acid reaction with at/ocholesterol and aZZositoSterol: if a few drops of formalin 

^ For convenience of discussion, the symbol only is used in the following, implying also 
the possibility of the A^»^® linkage. 
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arc added when the red phase has been reached, the colour changes gradually 
into a purple and violet. The reaction is conveniently carried out with a 
saturated solution of the acid in formalin as a reagent, which produces rapidly 
a violet reaction with the ai^o-compounds, showing a band at 590-610/xp. 
Cholesterol behaves in the same way with trichloroacetic acid and formalin, 
but heating in this case is necessary [Golodetz, 1908]. In the reaction with 
ergosterol, on the other hand, formaldehyde exerts a hypsochromic effect, 
and prevents the formation of the blue phase. When added to the reaction 
mixture at the blue stage, it gradually weakens and discharges the colour. 

It has been shown previously [Rosenheim, 1927] that, on heating cholesterol 
in chloroform solution with benzoyl peroxide, the white product obtained 
gives a blue colour with the reagents which usually give rise to a red colour. 
When similarly treated, aZZocholesterol also gives a blue colour with tri¬ 
chloroacetic acfd. The gentian-blue colour of this reaction is, however, easily 
distinguished by the naked eye from the colour of the ergosterol reaction 
(starch-iodine-blue), and spectroscopic examination shows in the former 
solution the characteristic band of ‘'oxycholesterol” only. The blue reaction 
of “oxycholesterol” may simulate the presence of ergosterol in specimens 
of cholesterol which have been exposed to light or ultra-violet irradiation 
in presence of air, but is easily differentiated by its absorption band from 
the ergosterol reaction^. 

The mechanism of sterol colour reactions. 

Various attempts have been made to find an explanation for the numerous 
sterol colour reactions, which are obviously due to one common factor. 
Mauthner [1909] considered the presence of double linkages as essential, since 
the reactions are negative with completely reduced derivatives of cholesterol. 
In explanation of Liebermann’s reaction (acetic anhydride and concentrated 
H 2 SO 4 ) Wieland and Weil [1913] suggest that the coloured substances are 
halochromic sulphates of ketones, the latter being produced by the action of 
acetic anhydride on a reactive double linkage. On the other hand, Whitby 
[1923] assumes that the sterol colours are produced by the condensation of 
an aldehydic coupling substance {e.g. formaldehyde) with a hydrocarbon 
{e.g. cholesterilene), both of which are presumably formed from the sterol 
by the condensing agent used (e.g. sulphuric acid). There appears to be, 
however, no evidence for the formation of the postulated aldehydic coupling 
substance under the conditions of the test, and on other grounds also Whitby’s 
explanation has been criticised [Wokes, 1928]. 

The reactions described above, which show that an immediate red colour 
reaction is given only by those sterols or their derivatives which contain the 
linkage, suggest k general explanation for the chromogenic properties 
of sterols. According to this, the primary reaction consists in the isomerisation 

^ The oxidising action of charcoal also gives rise to “oxycholesterol” formation. [Blix and 
Lowenhielm, 1928.] 
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of the sterol, under the influence of a strong acid, giving rise to an isomeride 
containing the linkage. In these compounds (II) the carbon atom Cj has 
become doubly linked. Owing to its position at the junction of two rings, 
Cj is assumed to have acquired a property similar to that of the tervalent 
carbon atom in triphenylmethyl, and to be able, like the latter [Baeyer, 1905, 
int, ah'] to form carbonium salts, which are coloured (III and IV). 



OH OH OH OH 


Cholesterol —► alio Cholesterol -^ Carbonium salts 

I IT III .IV 

This assumption is supported by the fact that the sterol colours are 
discharged by water or alcohol, and that in their formation strong acids are 
used {e.g. concentrated H 2 SO 4 in Salkowski’s, Liebermann’s, Whitby’s, etc. 
reactions), or generated from the reagent (HCl from AsClg in Kahlenberg’s 
reaction). In the latter case, as well as in the trichloroacetic acid reaction, 
it is significant in this connection that a rapid colour change with sterols 
other than ai/ocholesterol, etc., requires heat, which also favours isomerisation: 
a solution of cholesterol in AsClg or trichloroacetic acid remains colourless 
when kept at 0 °. The identity of the absorption band in all these reactions 
vdth that of allocholestexol is a further indication of the similarity in con¬ 
stitution of the coloured substances formed. 

Summary. 

1. Ergosterol gives a blue colour reaction with chloral hydrate and with 
trichloroacetic acid, by means of which it may be detected in the presence of 
other naturally occurring sterols. 

2. An immediate red colour reaction with the above reagents is specific 
for those sterol derivatives which possess the (or A^»^^) linkage. 

3. It is suggested that the primary reaction in all sterol colour reactions 
consists in the shifting of the double linkage into the Cj 2 (or Cj ^ 3 ) position 
and the subsequent formation of coloured carbonium salts. 

I am indebted to Dr Anderson for specimens of natural dihydrositosterol 
and y-sitosterol, to Prof. Drummond for a specimen of isocholesterol from 
lanolin, and to Messrs Hoffmann-La Roche Co. and Messrs Boots, Ltd. 
for zymosterol. 
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IX. THE VITAMIN CONTENT OF HONEY. 

By EDWARD HOYLE. 
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(Received December 31st, 1928.) 

The experiments recorded in the literature suggest that honey is not a good 
source of vitamins. Dutcher [1918] tested strained honey from newly-filled 
combs, obtained while clover and basswood were in bloom, on pigeons .and 
came to the conclusion that the ‘"water-soluble B” content of the product 
was negligible. Faber [1920] found that daily doses of 4-“8*4 cc. of white sage 
comb honey bought in the open market failed to protect guinea-pigs from 
scurvy. Hawk, Smith and Bergheim [1921] were also unable to detect vitamin 
A, B or C in strained honey, as were Scheunert, Schieblich and Schwanebeck 
[1923] using a centrifuged lime honey from East Prussia, a comb honey with 
wax from Liineberger Heide and a honey not of German originh Great pro¬ 
gress has been made in the domain of vitamin research since the above tests 
were carried out. This communication records the tests for vitamins A, B^, 
Bg, C and D on two representative samples of honey as carried out by the 
more refined methods now available. 

Experimental. 

One of the samples was a granular honey containing 82*23 % of dry matter 
and 0*17 % of ash of West Indian origin kindly supplied by Sir Algernon 
Aspinall. The other sample was an English honey prepared at the Bee Research 
Institute, Rothamsted, under the supervision of Mr D. Morland, M.A., to whom 
I should like to express here my indebtedness for the help he extended. The 
following is Mr Morland’s report of the conditions under which the honey was 
produced. 

“The honey was gathered by a stock of Italian bees at Kimpton Hoo, 
near Welwyn, Herts. A clean super of new frames with wax foundation was 
given to the colony on July 12th, 1928. At that time the colony had brood in 
two chambers (British Standard) and had partly filled one super with honey. 
No queen excluder was used. The weather was favourable throughout the 
period. The sunshine figures at Rothamsted, which is a few miles from Welwyn, 
for the period July 12th to July 28th inclusive show a total of 173*8 hours of 
‘bright sunshine.’ White clover was yielding at the time. Much of the neigh¬ 
bourhood is park grassland and the subsoil is chalk. The super was removed 
^ According to the Annual Bureau of Home Economics (1927) two examples of honey ex¬ 
amined were found deficient in vitamins A, S, C and D (quoted by Phillips in Gleanings from Bee 
Cvlture, Jan. 1929). 
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on July 28th. The hive had increased in weight during this period from ISSJ lb. 
to 232| lb. The combs used in the feeding experiment were fully sealed over 
and the honey appeared to be of excellent quality.’’ 

This honey when extracted contained 84*95 % of dry matter and 0*10 % 
of ash. 

In order to extract the English honey from the comb the super was mounted 
horizontally and the sealings of the cells were removed with a hot knife. The 
wax and honey of these exposed cells were then removed by means of a spoon 
and filtered through muslin which retained the wax completely. Just sufficient 
honey for the day’s dosing was extracted daily. The West Indian honey was 
fed without previous treatment. 


Vitamin A. 

Vitamin A was estimated by a method based on the Steenbock principle. 
Young rats weighing 35-40 g. were placed in separate cages on a diet free 
from the fat-soluble vitamins [Zilva and Miura, 1921]. At the end of 28 days 
the ordinary cotton-seed oil of the basal diet was replaced by irradiated cotton¬ 
seed oil. When the cessation of growth due to the deficiency of vitamin A 
became apparent, 2 g, of honey were administered daily previous to the 
delivery of the basal diet. With each test a series of negative controls (on the 
basal diet alone) and of positive controls receiving 3 drops of cod-liver oil 
daily were employed. It will be seen from Fig. 1 that the growth curves of 
the rats which received the honey are similar to those of the negative control 
animals and consequently a daily dose of 2 g. of honey contained no appre¬ 
ciable quantity of vitamin A. 

Vitamins and Bg. 

Vitamins Bj and Bg were estimated on the principle described by Chick 
andRoscoe [1927,1928], whose help and criticism I wish gratefully to acknow¬ 
ledge. The Z diet described by these authors was employed as the basal diet. 
The caseinogen used was B.D.H. ‘'fat-free, vitamin-free casein” and not the 
specially extracted caseinogen used by them. Six groups of rats were used in 
the tests and were arranged as follows: group 1, basal diet; group 2, basal 
diet -f 2 g. daily of English honey ; group 3, basal diet -f 2 g. daily of West 
Indian honey; group 4, basal diet with 0*4 g. autoclaved yeast -f 2 g. English 
honey daily; group 5, basal diet with 0*4 g. autoclaved yeast-f 2 g. West 
Indian honey daily; and group 6, basal diet and 0*4 g. dried yeast daily. The 
autoclaved yeast was given to supply vitamin Bg, so that in the event of 
vitamin B^ being present in the honey the animals receiving this yeast would 
have shown growth. The animals in all groups received 3-5 drops of cod-liver 
oil daily as a source of vitamins A and D. Fig. 2 gives the weight curves of the 
animals in these groups. With the exception of the positive controls in group 6, 
the animals of which received both vitamins B^ and Bg in the dried yeast 
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Fic. 1. Test for vitamin A m honey. 

I 

I denotes when irradiated diet first received. 

K at end of a graph denotes that animal survived the period of 28 days after giving dose. 
I denotes when animal began to receive honey. 

I Positive controls for West Indian honey. 

II West Indian honey. 

^ III Negative controls for West Indian honey. 

IV Positive controls for English honey. 

V English honey. 

VI Negative controls for English honey. 
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Fig. 2. Test for vitamins and Bg in honey. 


denotes when Peters’s extract was first given. 


denotes stoppage of daily dose of honey. 


denotes definite symptoms of pellagra. 
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there was little growth. Rats 61, 64, 65, 67, 69, 71, 75 and 76 were given by 
Miss Chick and Miss Roscoe after the 34th day a daily dose of 0*1 cc. of 
Peters’s antineuritic extract (0*1 cc. daily equal to 0*7 g. yeast) to supply 
vitamin Bj, and, as will be seen from the weight curves of these animals, no 
resumption in growth followed this treatment. It itiay, therefore, be safely 
assumed that both samples of honey were deficient in vitamins and B 2 . 

VlTAMIK C. 

Guinea-pigs subsisting on a scorbutic diet of oats, bran, barley meal, 
middlings and fish meal, which was offered ad lib., and 40-60 cc. of autoclaved 
milk', were used in this test. The honey was diluted with about one-third of 
its weight of water and was administered daily to the animal from the com¬ 
mencement of the experiment. The initial daily dose was 3 g. and it was 
gradually increased. Certain difficulties were encountered with these tests as 
the guinea-pigs showed a tendency to succumb to an intestinal disturbance in 
the early stages of the tests and conclusions had to be drawn from such animals 
as survived long enough for the development of scurvy. The results are sum¬ 
marised in Table I. It is evident from the figures that although death was 
somewhat accelerated in certain cases by intestinal disturbance, there was * 
not sufficient antiscorbutic potency in the doses given even to delay the onset 
of the disease. 


Table I. Test for vitamin C in honey. 


Variety of 





No 
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daily 
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West Indian 
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15 
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6-3 

17 

Degree of scurvy was such as to 
indicate that dose was completely 
negative, though deatli was due 
in part to an intestinal dis¬ 
turbance 


406 

255 

300 

220 

32 

51 

17 

Died of scurvy 


407 

260 

320 

210 

28 

5*2 

17 

Died of scurvy 


408 

285 

287 

205 

27 

5-1 

14 

Died of scurvy 


409 

260 

280 

250 

22 

5'4 

16 

Same condition as no. 405 

English comb 

410 

265 

300 

240 

23 

5-3 

15 

Died of scurvy 


412 

285 

320 

255 

22 

5-2 

14 

Scurvy and intestinal disturbance 


413 

260 

305 

200 

33 

5*1 

14 

Died of scurvy 


414 

260 

315 
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29 

5-2 

14 

Died of scurvy 


416 

260 

260 

205 

23 

4-7 

15 

Scurvy and intestinal disturbance 


417 

260 
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25 

4-7 

18 

Died of scurvy 


418 
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24 

5*7 

17 
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285 
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255 23 5-9 

Vitamin D. 

15 

Died of scurvy 


This vitamin was determined by the Chick, Korenchevsky and Roscoe 
[1926] method which is baaed on the comparison of the ratios of the ash to 
the organic material, other than those substances extractable by hot alcohol 
and ether, {AjR ratios) of the bones of young rats which have subsisted for 
about 4 weeks on McCollum’s 3143 rickets-producing diet low in phosphorus. 
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Positive controls for West Indian honey. 
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The animals received a daily dose of 2 g. of each of the honeys preparea 
as above. With each honey a group of negative control animals on the basal 
diet only and a positive group which received 3 drops of cod-liver oil in addition 
were employed. As will be seen from Table II the differences between the 
AjR ratio of the rats receiving the honeys and those of the corresponding 
negative control animals are of an order which falls within the limits of 
accuracy of the method. It may be safely assumed that both the honeys were 
inactive in the doses employed in the test. 

Conclusion. 

Tests carried out on a fresh English sample of comb honey and on a West 
Indian honey show that both samples are deficient in vitamins A, Bg, 
C and D. These results are in consonance with those obtained by other workers, 
which show that honey is not a source for these vitamins and that this de¬ 
ficiency is not due to deterioration consequent on treatment or storage. 


My thanks are due to Dr S. S. Zilva, under whose direction the investiga¬ 
tion was carried out, for help and criticism. 
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IV. THE ADDITION OF MANNITOL. 

By VERA READER. 

From the Department of Biochemistry, Oxford. 
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In a paper by Orr-Ewing and Reader [1928], a technique was described for 
using the growth-promoting power of yeast concentrates upon Streptothrix 
corallinus as a test for the antineuritic vitamin. In this technique the yeast 
concentrate under test was put up in three dilutions, viz. 1/20, 1/400, 1/8000 
in equal volumes of medium (20 cc.), and the resulting streptothrix growth 
compared with that in a series of standard flasks containing similar dilutions 
and intermediate dilutions of a concentrate of known potency. The result was 
expressed in terms of pigeon doses. When testing the purer antineuritic con¬ 
centrates agreement with the corresponding standards was obtained in all 
three dilutions, e.g. 80, 70, and 75 doses in a given test sample. However, 
certain “anomalous results’" appeared with the less pure concentrates; the 
tests came out thus, 500, 70, 75; i.e. there appeared to be relatively more 
growth-promoting activity in the higher concentrations of vitamin than in 
the lower. In view of this discrepancy, further work was undertaken to 
elucidate the phenomenon. 

It has often been noted that the upper limit of concentration necessary 
for maximum growth is reached when approximately 1/80 of a pigeon-day- 
dose has been added to 20 cc. of the medium. Further addition of glucose or 
of vitamin concentrate at this point does not induce further growth. Now the 
anomalous result always occurred when the yeast concentrate was com¬ 
paratively impure, and this suggested that the abnormally high results with 
the larger additions of vitamin were due to some added source of food for the 
organism. A few preliminary experiments done in 1924 had seemed to suggest 
that some specific carbohydrate or polyhydric alcohol might give greater 
growth in a given time at a given temperature than that obtained with 
glucose. Further, from earlier published work [Reader, 1927] it was known that 
“the following substances may replace glucose as a source of carbon in the 
medium, without loss of efficiency: glycerol, mannitol, arabinose, lactate, 
citrate, pyruvate, and glycogen.” As these earlier experiments were carried 
out in a medium of pure salts -j- carbon compound, it was now decided to test 
their effect as additional substances to the seemingly complete medium. 
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Experimental. 

The technique differs from that described in Part III [Reader, 1928] 
in one particular only, that of method of estimation. Since all the experi¬ 
ments in this section are concerned with the requirements for maximal growth 
and not with minimal dilutions for growth, it was possible to estimate the 
amount of growth by direct weighing. The contents of three small similar 
conical flasks (20 cc. fluid) were filtered through the same small, hard, dried 
and weighed filter-paper. The whole was then dried in a CaClg desiccator to 
constant weight. Since the variation in twenty similar papers was not greater 
than ± 5 %, this method was considered to be of sufficient accuracy. Growth 
was estimated at the end of 6 days, unless otherwise stated. Conditions of 
temperature are quoted at the beginning of each experiment. 

Exp. 1. The amounts of synthetic medium, glucose, and torulin (vitamin) 
extract were kept constant throughout seven sets of three flasks, while 0*5 % 
of the various compounds under test was added severally to each of the sets 
(Table I). 

Table L 

T = 1/100 unit dose of torulin in 20 cc. fluid. - 
Temp. 31'" for 2 days followed by 15° for 4 days. 


Set 

Medium 

Total weight from 
throe flasks g. 

I 

Salt-sugar medium T 

0-025 

II 


0-025 

Ill 

„ „ + T-f-arabinose 

0-024 

IV 

M „ -fT-f glycogen 

0-021 

V 

„ „ -f 7'+glycerol 

0-041 

\I 

,, ,, -f-T’4-citrate 

0-065 

VII 

„ „ +T ^mannitol 

0-144 


It will be noted that the six-fold increase of growth with mannitol is of 
the order of the divergence of the “anomalous results’’ from the normal. 
Consequently Sets I and VII were repeated, dilutions being made as in the 
test cases described in the paper by Orr-Ewing and Reader [1928], in each 
case the mannitol being diluted with the torulin. 

When torulin and mannitol were diluted 400 times, i.e. as in the third 
flask of the test, growth was equivalent to that with torulin without mannitol, 
hence a true case of “anomalous result.” 

Exp. 2. The growth obtained in Set VII of exp. 1 was so prolific that it 
was decided to extract the dried organisms with ether to find out whether 
the increased weight was due to increased fat production rather than to an 
increase in the number of organisms (see Table II). 

Table II. 

% fat-soluble 

Weight of brganism g. material 

I Growth without mannitol 0-045 6-0 

II Growth with mannitol 0-144 6-1 

lU „ , 0-142 6*0 
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From these figures it was concluded that mannitol had not increased the 
fat production. 

Exp. 3. The mannitol used in the above experiments was as supplied by 
Baird and Tatlock and was supposed to be pure. However, considering the 
earlier experience with traces of accessory factor present as impurity in 
glucose [Reader, 1928] an attempt was now made to purify the mannitol 
from any such factor. In the first place the mannitol was tested before and 
after extraction with charcoal in neutral solution, but this was found to have 
no effect, the respective growths being 0*135, 0*133 and 0*132 for the original 
mannitol and after one and two treatments with charcoal. 

While developing a technique for the extraction of the antineuritic vitamin 
Kinnersley and Peters [1925] found that control of hydrogen ion concentration 
was an important factor in the removal of such accessory factors by charcoal 
adsorption. A more exhaustive attempt at removal on charcoal at various 
hydrogen ion concentrations was now undertaken, but again without success 
(Table III). 

Table III. 


T — 1/100 unit dose of tonilm in 20 cc. fluid. 
Temp. 31” for 2 da^'s followed by 15” for 4 days. 


Set 

Medium 

Weight of 
growth g. 

1 

Salt-sugar medium -f T 

0-033 

11 

,, „ 4 T 4 - M (crude, 0-1 g, in 20 cc.) 

0-140 

in 

,, „ 4 - T 4 - JW (purified charcoal at 7 >h =2) 

0-1.37 

JV 

,, „ f T - 1 - 3/ (purified charcoal at pn - *0 

0-138 

V 

,, ,, +T -\-M (purified charcoal at pn-l) 

0-135 

VI 

,, 4 - T + (purified charcoal at - 9) 

,, ,, ^-T + M (hydrolysed dilute H(3 for 30 mins.) 

0-139 

VII 

0-127 

VIII 

,, ,, +T M (hyUrolyaed dilute NaOH for 30 mins.) 

0-121 


As the results show, no change was produced by these various modes of 
treatment. Additional proof that the grow^th-promoting property is due to 
the presence o| the mannitol itself, and not to an impurity, was obtained by 
reducing a sample of mannose which had been p^e^iousIy tested and found to 
have no enhancing effect on the growth (Table IV), The reduction w^as carried 
out according to the directions of Fischer [1890], using Na amalgam in alkaline 
solution with rapid mechanical stirring for 12 hours. 


Table IV. 

Set Medium 

I Salt-sugar medium + T 

,TI „ „ -fT 4 mannose (0-5 %) 

HI „ „ +T + mannitol {0*5 %) (from mannose) 


Growth g 
0033 
0028 
0-090 


It w'as now decided to test other available polyhydric alcohols. Similar 
experiments were designed with dulcitol, sorbitol, glycerol and inositol 
(Table V). From exp. 6, Table V it may be seen that the effect with none of 
them was of the order of that obtained with mannitol, i.e, the enhancement 
with majonitol appears to be a specific one for this organism. 
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Table V. 


Set 

Medium 

Weight of growth g 

I 

Salt-sugar medium + T 

0033 

II 

„ „ +T -h mannitol 

0140 

III 

„ „ -f 7^ 4-dulcitol 

0'065 

IV 

,, „ 4'T 4 sorbitol 

0 045 

V 

„ „ 4 T 4 ino 8 itol 

()'057 

VI 

„ „ 4 T-f glycerol 

0-058 


With regard to the phenomenon of the optimum concentration of the 
growth factor referred to in the introduction (p. 61) it now seemed possible 
that, in the presence of mannitol, any excess of growth-promoting factor 
supplied might be used up. In the following experiments the amounts of 
mannitol and glucose were kept constant throughout, while the torulin con¬ 
centrate was varied from 1/20 to 8/20 day-dose per 20 cc. The results are 
shown in Table VI. From these, it may be concluded that there is a definite 
upper limit of torulin concentrate for maximum growth even in the presence 
of mannitol, but that that upper limit is much greater than with glucose 
alone, as is also the maximum growth obtained. It is easily seen from the 
curves for the four experiments cited that in each case the addition of man¬ 
nitol has led to an abnormally high value for the maximum growth. There¬ 
fore, with the highest concentration of torulin each case is a true ‘‘anomalous 
result.” 


Table VL 

(All flasks contain 20 cc. inorganic salt-sugar mediunh) 

0~0‘5 % glucose. M^O‘6 % mannitol. T~1I2() unit dose torulin concentrate. 

Exp. 0. Temperature 3 days at 83"' then 0 days at Ifl 20^. ‘ 



Exp. 7. 

Exp. 8. 

Exp. 9. 

Medium 

„ 3 „ 

„ 0 

„ 6 „ 

33^ „ 6 20-25“ 

33“. 

33“ „ 3 „ 16-20“. 

g. growth 




Exp. 6 

Exp. 7 

Exp. 8 

Exp. 9 

1. 

Gi-T 

0066 

0-060 

0-057 * 

0-061 

2. 

(?44T 

0-056 

0 061 

0*060 

0-065 

3 ! 

G + ST 

0056 

0-060 

0-059 

0-064 

4. 

G + M-^T 

0073 

— 

0-138 

0-090 

5. 

(74-M42T 

0090 

018(> 

0 151 

0-113 

6. 

G + M+4T 

0'084 

0-187 

0-161 

0-143 

7. 

G + M + HT 

Oil] 

0-180 

0-164 

0-171 


The variations in the results (6? + M xT) are due to variation in the 
average room temperature during the time after the cultures had been re¬ 
moved from the incubator. This was very puzzling at first, until it was realised 
that not only the torulin efficiency, but also the temi)erature coefficient had 
been appreciably altered by the addition of mannitol. Thus, in exp. 6 the 
temperature on the latter days varied from to 20^^ and in exp. 7 from 20® to 
26®. The difference between the results is greater than in exps. 8 and 9 where 
the change from the incubator temperature to that of the room occurred at 
a later stage in the life cycle of the organism [see Reader, 1926]. 

Much further work is needed upon this point, more especially as the issue 
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is complicated by the fact that the organism under observation is a Strepto- 
ihrix, that is, it is continually segmenting, and the rate of the segmentation 
is also varied by slight changes in temperature. 



FijCj. 1. Weight of organisms in 14 days, i.e, after growth is (‘omplete. 

{M - 0‘5 ‘h) mannitol; 1 - 0-5 % inositol; G —0-5 glucose; T ~ 120 unit dose of torulin.) 


Table VII. 


Temperature 7 days at 33'^, then 7 days at 20' 

1 -0-5 % inositol. Ti -0-5 % mannitol. T -1/20 unit dose torulin concentrate. 



Medium 

Weight of growth 
in 14 days 

1 , 

G -f T 

K- 

0050 

2 . 


0051 

a! 

O + M + ljl^T 

0070 

4, 

G + \0M+\T 

0160 

.7. 

G+ 

0* 155 

6 . 

G + lflOM + iT 

0154 

7. 

G + 10M+ T 

0170 

8 . 

0+ M+ T 

0T79 

9. 

O + ll\0M+ T 

0175 

10 . 

t^ + 104/+2T 

0169 

11 . 

G-¥ M+2T 

0175 

12 . 

G^lllOM^2T 

0-178 

13. 

<7 + 10Jf+4r 

0174 

14. 

(7+ M+^T 

0-165 

15. 


0-170 

16. 

G+ I + iT 

0-064 

17. 

G+ 7+ T 

0-062 

18. 

0+ I + 2T 

0-067 

19. 

G+ ^1+ T 

0-057 

20 . 

G+ 1+^T 

0-063 
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A final, and perhaps more conclusive experiment was carried out (see 
Fig, 1). In this the weighings were taken at the end of 14 days. The curve for 
inositol is added for comparison. The results are given in Table VII. As the 
growth was independent of concentration of mannitol, at least within these 
limits, only one curve is drawn {G xT M) (Fig. 1). 

Thus it may be seen that even with 1/200 of a unit dose (1/10 T) the 
growth with mannitol is in excess of the maximum growth with glucose 
alone, and also that the maximum growth with mannitol is not reached until 
1/20 of a unit dose is supplied in 20 cc. of medium. From this table it is 
obvious that in the presence of mannitol a true '‘anomalous result’’ is arti¬ 
ficially reproduced. 


Discussion. 

Whether the results obtained by Orr-Ewing and Reader with crude 
torulin extracts were due to the presence of mannitol in the watery extracts 
of yeast has not yet been proved. Indeed it would appear that the prolonged 
extractions and purification of yeast extract necessary to show the presence 
of mannitol would be unlikely to meet with success as the work is compli¬ 
cated by the presence of inositol [see Eastcott, 1928] and possibly other poly- 
hydric alcohols of very similar properties. 

At this point it is interesting to consider the parallel case reported by 
Eastcott [1928]. She claims to have isolated ‘'bios I” [see Lucas, 1924] for 
yeast, and to have identified this substance with inactive inositol, the “ phaseo- 
mannite” of Vohl [1866]. However the degree of stimulation reported in her 
experiments is not greater than that recorded in this paper for the action of 
mannitol on the growth of S. corallinus. Thus, from her experiments, it may 
be seen that in 48 hours, in solutions containing salts, sugar and “bios 11,” 
113 cells of yeast were produced, while with salts, sugar, crude “bios 11” 
and inositol, some 365 cells resulted from the same size of inoculation. This 
increase is of the same order as that shown in Tables VI and VII of this paper. 
Certainly I do not consider that the mannitol effect may be explained as due 
to a true “growth-promoting factor,” but rather as a specific source of food- 
supply and would suggest a similar interpretation of the results of Eastcott. 

SUMMAKY. 

Further work on the cultural requirements of S, corallinus is reported. 

1. The “anomalous results” obtained by Orr-Ewing and Reader when 
crude watery extracts of yeast were added to the culture medium, can be 
artificially reproduced by adding mannitol to the purer extracts. 

2. The increased weight of bacteria grown in the presence of mannitol 
was not due to increased fat production. 

3. Within the limits of these experiments, the amount of growth was 
independent of the concentration of the mannitol. 
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4. Exhaustive treatment with charcoal at various hydrogen ion con¬ 
centrations and subsequent recrystallisation failed to remove any growth- 
promoting factor from the mannitol. 

5. A sample of mannitol was prepared from mannose which had pre¬ 
viously been shown to have no growth-promoting effect. This mannitol gave 
an enhancement of growth equal to that obtained with mannitol from natural 
sources as usually supplied for laboratory purposes. 

6. It is not possible to substitute dulcitol, sorbitol, glycerol, or inositol 
for the mannitol. 

It is concluded that the effects obtained are due to either the whole or 
part of the mannitol molecule acting as a specific source of food-supply rather 
than as an additive “growth-promoting factor.” 

My thanks are due to Prof. R. A. Peters for his continued criticism and 
advice, and to the Medical Research Council for a grant. 
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In acid solution, dialuric acid and alloxan may readily be converted into one 
another. The change is one involving two equivalents of hydrogen: 

NH.CC\ .NH.COv 

CO( >CH.OH-> CO^ >CO 

NnH.CC)/ ^NH.CO'^ 

The addition of one equivalent of a reducing agent to alloxan or of one 
equivalent of an oxidising agent to dialuric acid leads, on the other hand, to 
the separation of the sparingly soluble substance, alloxantin. The latter is 
also formed when solutions of these two reactants are mixed in equivalent 
proportions, and it has therefore been natural to regard it as a molecular 
compound comparable to the quinhydrones and meriquinones. It is generally 
believed that alloxantin is extensively dissociated into its two components in 
aqueous solution. 

Our interest in the above system originated in the demonstration by 
Biilmann and Lund [1923j that solutions of alloxantin developed constant 
and reproducible potentials at a platinum electrode in the absence of oxygen. 
Their observations, which were restricted to solutions of alloxantin in 0*1 
and 0*02 M sulphuric acid, indicated that the observed potentials {E() were 
related to the hydrogen ion activity by the equation^ 

Eq being a constant with a value of 0*3698 at 18° and of 0*3664 at 25°. Assuming 
that alloxantin dissociated into equivalent amounts of dialuric acid and 
alloxan, Biilmann and Lund plausibly attributed the potentials of solutions 
of alloxantin to the reversible oxidation-reduction system 
dialuric acid ~ alloxan + 2c. 

The studies which Will be reported in this paper have had as their object 
the quantitative proof of this assumption, the extension of the electrode data 

^ [H+] reiers throughout to the hydrogen ion activity measured electrometrically. [a], [b] 
and [m] of the electrode equations are actually molar concentrations, the assumption being made 
that these are sensibly equal to the activities at the experimental concentrations employed. 
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to cover the whole significant range, and the examination of the effects 
upon the electrode behaviour of the system of the formation of alloxantin. 
It early became apparent that the system was further complicated by the 
fact that the oxidant was subject to an irreversible change at a rate which was 
a function of the hydroxyl ion concentration, and it therefore became necessary 
to relate the kinetics of this change to the electromotive behaviour of the 
system. 


Experimental. 

The dialuric acid, alloxan and alloxantin which were employed were 
prepared from uric acid in the usual way, and their purity established by 
determinations of nitrogen, base-binding capacity, and (in the cases of dialuric 
acid and of alloxantin) their iodine-reducing capacities. 

In order to comprehend the relations of the equilibrium potentials to 
it was desirable to have independent determinations of those ionisation 
constants of the reactants which were effective within the experimental p^ 
range. The acidic constant of dialuric acid was measured with precision by 
means of a hydrogen electrode titration curve in the usual manner. This 
titration betrayed no other groups having constants of significant values. 
The case of alloxan was more difficult. Its ease of hydrogenation renders the 
hydrogen electrode method inadmissible. Moreover, the degree of ionisation 
of alloxan determined experimentally appears to change with time. Woods 
11906] found that the conductivity of solutions of alloxan increased steadily, 
and Biilmann and Bentzon [1918] observed that there is also an increase in 
their [H+J as determined by colorimetric methods. These effects are, most 
probably, due to the isomeric change to alloxanic acid which readily ta^kes 
{)lace under the influence of hydroxyl ions. In an attempt to construct a 
titration curve by means of colorimetric p^ determinations, we observed this 
change in p^ in all our mixtures of alloxan and sodium hydroxide. For any 
given mixture, however, d (pj^) is approximately a linear function of the time. 
It was, therefore, possible to extrapolate to zero time the p^ values of such 
mixtures (where a varied from 0*09 to 0*58). The section of the titration curve 
thus constructed led to a quite consistent series of values for the first (acidic) 
constant of alloxan. It will be shown, later, that the electrode data indicate 
the presence of a second acidic constant of significant magnitude as well as a 
very weak basic group. The constant of the latter seems to be too small for 
direct measurement [cf. Biilmann and Bentzon, 1918] while the demonstration 
of the former was not attempted because of the instability of alkaline solutions. 

The technique employed in the determination of the electrode potentials 
has already been outlined [Cannan, 1926]. Both dialuric acid and alloxantin 
proved to be very prone to autoxidation. It was necessary, therefore, to 
employ all the usual precautions for the total exclusion of oxygen during the 
preparation and manipulation of solutions of the reactants. Electrode potential 
titration curves for the titration of dialuric acid (0*002 M) in 0*06 M buffer 
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solutions [Clark, 1928] with 0*02 M potassium ferricyanide or iodine were 
obtained at several values between 1 and 5. Both platinum and gold- 
plated electrodes were employed and generally gave concordant readings. The 
former, however, were frequently sluggish in reaction, whereas the gold-plated 
electrodes consistently adjusted themselves to changes in the system within 
two or three minutes. The main part of the curves traced by titrating with 
iodine and with ferricyanide were identical, but iodine sometimes gave dis¬ 
tortions of the initial and terminal portioipis of the curves, so rendering less 
precise the determination of end-points. For the detailed analysis of the data, 
therefore, we have restricted ourselves to the ferricyanide titrations and the 
gold-plated electrodes. All electrometric observations were made on solutions 
maintained at 30'^ in a thermostat. 

The titration data for the relation of the electrode potentials to [H*^] 
were further elaborated by observations of the equilibrium potentials of 
0*001 M solutions of alloxantin in a series of 0*05 M buffer solutions with 
values intervening between those of the complete titration curves. 

On the alkaline side of 6 steady potentials were never attained, either 
in solutions of alloxantin or in mixtures of alloxan and dialuric acid. Instead, 
linear drifts towards increasing negative values were consistently observed. 
It was, therefore, not possible to conduct titrations in this range, but it 
proved to be possible to obtain consistent values for the equilibrium potentials 
of alloxantin by extrapolating to zero time the potential-time drifts. Theo¬ 
retical justification for this procedure will be given later. 

The values of all systems studied were determined directly by means of 
the hydrogen electrode. 


Results. 

In Table I are assembled the data for a typical titration curve at pjj 1. 
At constant the electrode equation for the system dialuric acid-alloxan is 

0-03006 log [.y, .(1) 

Eq being a constant, and [6] and [a] being the respective concentrations of 
dialuric acid and alloxan. The constancy of Eq when this equation is applied 
to the data is satisfactory evidence that the potentials are related to a simple 
reversible system involving two equivalents of hydrogen. 

The first three values for Eq in Table II have been derived from com¬ 
plete titrations in this way. The remaining values are equilibrium potentials 
of solutions of alloxantin derived by direct observation or by extrapolation. 
All these and others are displayed in Fig. 1, which sufficiently demonstrates 
that the alloxantin potentials agree well with the values of obtained 
by titration, and that these are plausibly extended into the alkaline ranges 
by the values obtained by extrapolation of the time-potential drifts. In 
other words, the potentials of alloxantin may properly be attributed to the 
presence in solution of equivalent amounts of dialuric acid and alloxan. 
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Table I. 


Titration of 60 oc. of 0-00176 M dialuric acid with 0-02024 M potassium ferricyanide 


in 0-1 HCl. Temperature 30°. 

Ph 1043. 

Titre 

0-03006 log ^ 

Eh 

E,' 

0-15 oc. 

+ 0-0525 

+ 0-2505 

r+0-3030“ 

0-23 

0-0468 

0-2576 

0-3044 

0-35 

0-0412 

0-2620 

0-3032 

0-55 

0-0350 

0-2669 

0-3019 

0-85 

0-0288 

0-2730 

0-3018 

1-15 

0-0243 

0-2775 

0-3018 

1-65 

0-0187 

0-2833 

0-3020 

2-35 

0-0127 

0-2888 

0-3015 

3-15 

0-0070 

0-2948 

0-3018 

4-15 

+ 0-0008 

0-3011 

0-3019 

5-15 

-0-0054 

0-3070 

0-3016 

6-15 

0-0123 

0-3138 

0-3015 

6-95 

0-0192 

0-3211 

0-3019 

7-65 

0-0279 

0-3297 

0-3018 

8-15 

0-0393 

0-3415 

0-3022 

8-35 

0-0487 

0-3503 

0-3016 

8-55 (end-point) 


Mean 0-30I85± 0-00036 


Table II. 



Relation of Eq to . 

i’o = + 0-3640. 




Pil 

Found 

Calculated 

Difference 

Method 

1-043 

+ 0-3018 

^0-3016 

0-0003 1 

Titration of 

2-943 

0-1976 

0-1979 

6 6 

0-002 if 

4-884 

0-1320 

0-1322 

dialuric acid 


2-127 0-2388 0-2385 

2- 549 0-2143 0-2164 

3- 153 0-1879 0-1891 

3- 757 0-1668 0-1675 

4- 155 0-1549 0-1546 

4-565 0-1426 0-1420 

4- 965 0-1294 0-1297 

6- 420 0-1155 0-1158 

5- 885 0-1009 0-1014 

6- 555 0-0789 0-0790 

7- 027 0-0602 0-0611 

7- 494 0-036 0-039 

8- 025 -f 0-011 -f-0-011 

9- 007 -0-052 -0-048 

9-955 0-112 0-112 

10- 370 0-146 0-144 

11- 056 0-205 0-202 

11-955 0-274 0-282 


Table III. 


Dissociation constants (uncorrccted for activity). Temperature 30°. 



Group 

K' 

PK* 

Method 

1 

f 1st acidic (K,') 

1-48 X 10-3 

2-83 

Hydrogen electrode 

Dialuric acid 

2 nd „ 

Negligible 

>11 

Eq' : pjj relation 

99 

1 

[ 3rd „ 

>11 


f 1st acidic (Kj') 
2nd „ (K/) 

6-31 X 10-8 

7-20 

Colorimetric 

Alloxan 

1*0 X10-10 

10-0 

Eq : Ph relation 


t Basic 

Negligible 

<1 
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Fig. 1 betrays a system more complicated than was expected. The '‘0*09 
slope ’’ exhibited at extreme alkalinity together with the fact that both dialuric 
acid and alloxan have acid properties suggest that the type of system which 
best fits the structural relations of the reactants is 



The values to be assigned to the dissociation constants of the various ionisable 
hydrogen atoms are given in Table HI. The strong acid group of dialuric acid 
must be assigned to the carbon atom carrying the hydroxyl group, and, ac¬ 
cording to the scheme, this atom must, therefore, assume basic properties on 
oxidation. Indeed, alloxan may, as has been suggested by Richter [1911], be 



Fig. 1. 


an oxonium base, though our allocation of constants would give it only 
negligible basic properties. The remaining acidic hydrogen atoms of the two 
reactants may, plausibly, be identified with the hydrogen atoms attached to 
nitrogen: 

HN--C = 0 HN— 

0=(1j -f2e 

1 1 1 '^®“ 

HN—€ = 0 HN—C = 0 

dialuric anion alloxan cation 


With the assumptions of Table III, the rational equation relating Eq to 
may be simplified to 


£•/ ^Eq^ 0*03006 log 


fH+PLK/4-H+l 


( 2 ) 


Adopting a value of + 0*3640 for the constant E^ there may be calculated 
the theoretical values of E^ found in Table II. In acid solutions, where the 
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experimental values are true equilibrium potentials, the agreement is within 
the experimental error. In neutral and alkaline solutions, where the quoted 
values are extrapolated from the time course of a drifting potential, greater 
latitude must be allowed. When it is pointed out that the significant range of 
potential drift is less than 0*05 v. and that the observed rates rose to values 
as great as 0*02 v. per minute, it is apparent that precise extrapolation is 
quite impossible. 

It is well known that the initial equilibrium of an electrode with an active 
system is frequently much slower than subsequent adjustments to changes in 
that system. This was so in the present case. The observations on solutions of 
alloxantin in which the potential drift was rapid were, therefore, made by 
adding 4 cc. of 0-01 M alloxantin to 30 cc. of a deaerated buffer of acid pjj, 
and then, after about fifteen minutes, adding the necessary amount (about 
10 cc.) of sodium hydroxide to bring the solution to the desired pjj. The exact 

value of the solution was determined by the hydrogen electrode at the 
conclusion of the experiment. The drift of potential was measured from the 
time of addition of alkali. Using this method, it was possible by observations 
every half minute to establish, fairly definitely, the linear drift even in the 
cases where the change was most rapid. There can be little doubt that the 
data for the more alkaline solutions do establish—in spite of their crudeness 
—the reality of the two inflexions in the curve at pjj 7*2 and 10 

respectively (Fig. 1). 

The value we have found for at 30"^ is (jiiite consistent with those 
obtained by Biilmann and Lund at 25^^ and at IB'^. The three values may be 
accurately combined in the ex])ression 

JS’o 0*3784 - 0*00048 t. 


The degree of dissociation of alJoxautin. 


In Table I the tacit assumption was made that the active mass of dialuric 
acid at each stage in the titration was equal to the fraction of the initial con¬ 
centration which remained unoxidised. The active mass of alloxan was, like¬ 
wise, identified with the fraction of the initial concentration of dialuric acid 
which had suffered oxidation. If, however, significant amounts of the two 
reactants associate to form alloxantin then these assumptions become unsound. 
Under such conditions it may be shown that the correct equation for a titration 
at constant pjj is 




RT 

2F 




(3) 


where and are the concentrations of total reductant and oxidant 
respectively, and [m] is the concentration of alloxantin. The latter is defined by 

K = .i-”],,. .(4) 

f«] [&J ' ' 

Now K has been determined by Biilmann and Bentzon from studies upon 

the solubility of alloxantin in the presence of varying concentrations of added 
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alloxan. They arrived at a mean value of 39. This would indicate that the 
degree of association in 0*001 M solution would not be sufficient to give values 
of [m] significant for equation (3). That we were able to ignore this quantity 
in Table I agrees with this conclusion. At higher concentrations of reactants, 
however, the degree of association should lead to a distinct distortion of the 
normal curve. This we found to be the case in the titration of 0*01 M dial uric 
acid at jOjj 1 (Table IV). From the titres may be calculated and [5^o] 
the usual way and thence equation (3) may be solved for [m]. Finally K may 
be calculated from (4). In view of the fact that the method is not well adapted 
to the accurate measurement of such an association constant, the values 
derived in Table IV must be held to be in satisfactory agreement. 


Table IV. 


Titration of 0*00897 M dialuric acid with 0*0608 M potassium forricyanide 



Ph = 1-080. 4 0*2990. 



Titre 


S'oxl0« >SVxl0« 

m X10* 

K 

0*41 

+ 0*2672 

413*5 8483 

71*8 

25 

0*71 

0*2655 

711*6 8128 

94*5 

19 

1*01 

0*2709 

1006 7789 

114*7 

17 

1*51 

0*2773 

1490 7214 

150*0 

16 

2*21 

0*2836 

2151 0434 

249 5 

• 21 

3*01 

0*2899 

2886 5669 

223*3 

16 

4*01 

0*2964 

3773 4627 

345*6 

24 

501 

0*3030 

4629 3620 

432*0 

32 

5*51 

0*3061 

5046 3031 

243*2 

18 

6*01 

0*3095 

5454 2549 

199 2 

16 

6*81 

0*3159 

6091 1799 

179*0 

19 

7*51 

0*3231 

6633 4162 

136*6 

21 

8*01 

0*3306 

7016 712 

97*0 

23 

8*31 

0*3375 

7241 445 

69*7 

26 

8*82 (end-point) 


Mean 21 



Table V. 




Velocity of decomposition of aUoxan. Temperature 30'^. 



Pu 

Change of per min. 

, 1 , a 

t a -X 



4*97 

->0*000034 

0*0026 



6*31 

-0*00010 

0*0077 



5*74 

-0*00016 

0*012 



6*00 

. -0*00037 

0*028 



601 

-0*00080 

0*061 



6*56 

-0*0027 

0*21 



7*03 

-0*012 

0*92 



7*49 

-0*018 

1*4 



7*99 

-0*020 

1*5 



8*03 

-0*020 

1*5 



8*80 

-0*016 

1*2 



9*00 

-0*020 

1*5 



9*01 

-0*020 . 

1*5 



9*79 

-0010 

1*2 



9*96 

-0*014 

M 



10*37 

-0*018 

1*4 



11 06 

-0*016 

1*2 



Our mean value will be seen to be about half that of Bidmann and Bentzon. 
Since the of the saturated'solutions with which these authors worked 
would be about 2-4, the discrepancy is much too small to be due to a primary 
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effect of hydrogen ion activity. More plausibly it may be attributed to the 
difference in temperature, and in ionic strength, of the solutions in the two 
studies. We may conclude as a first approximation that K is independent of 
[H*^] in this range. 


The rate of isomeric change of alloxan. 

There is little doubt that the drifts of potential of solutions of alloxantin 
towards more negative values are due to a slow loss of active oxidant. Since 
they are accelerated by hydroxyl ions and parallel the increases in acidity and 
conductivity of solutions of alloxan, it is most probable that they are due to 
the isomeric change of the latter to alloxanic acid. Assuming, therefore, the 
change to be monomolecular, we have for a buffered solution of alloxantin 


U^\n 

a-x 


where a is the initial concentration of alloxan and a — 
at time L At this time, also. 


^ 2F a-x 


X the concentration 


Hence Eo'-E, = ^pL .(5) 



Fig. 2. 

A. Isomerism of alloxan (monomol. velocity constant). 

B. % autoxidation of dialuric acid per min. 

The increase in negative potential should, therefore, be a linear function of 
the time. As has been already indicated, this agrees with observation. Equa¬ 
tion (6) has been employed for the calculation of k from the electrode data at 
various [H+]j In solutions of greater than 7 the half-life period of alloxan 
at 30^ appears to be only about one minute. The determination of k can, 
therefore, be only approximate. Nevertheless, ^ Table V and Fig. 2 indicate, 
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the velocity appears to be a function of the first acidic constant of alloxan. 
The curve in the figure represents the theoretical relation of log h to were the 
velocity a function of the degree of dissociation of alloxan. Beyond pjj 10— 
coinciding with the intervention of the second (hypothetical) acidic constant 
—the potential drift falls away from a linear relation although the initial 
velocities remain of the same order of magnitude. 

It may be -added that the rates of change in pj^ of mixtures of alloxan and 
sodium hydroxide give general confirmation of the velocities of change 
indicated above. 


The autoxidation of dialuric acid. 

To assist in defining the precautions necessary for the electrode studies, 
a few observations were made upon the rates of autoxidation of dialuric acid 
in buffered solutions. Between p^ 5 and 2 the rates were very great but fell 
away rapidly below this. 

It was found that w^hen the reaction was conducted by blowing oxygen 
through a solution of dialuric acid the velocity was greatly affected by the 
degree of agitation. Consequently, the following method was adopted. Solu¬ 
tions of 0*004 M dialuric acid (oxygen-free) were mixed in a closed chamber 
with five volumes of oxygenated buffer at zero time. Samples were removed 
at intervals, added to sufficient hydrochloric acid to depress autoxidation, 
and titrated in the absence of oxygen with 0*005 M iodine. 

The rate of autoxidation w^as found to be roughly linear, with a tendency 
to fall away in the later stages. This was probably due to a significant diminu¬ 
tion of the partial pressure of oxygen. The results were not closely reproducible, 
there being, apparently, uncontrolled catalytic effects. The latter did not 
however appear to be of the heavy metal type, since the addition of hydro¬ 
cyanic acid was without notable effect. In Fig. 2 are plotted logarithms of 
the rates (percentage oxidation per minute) at various p^ values. The com¬ 
parison curve gives the relation which would be expected were the velocity 
a direct function of the degree of dissociation of the dialuric acid. 

Summary. 

1 . The equilibrium potentials of the reversible oxidation-reduction system 
dialuric acid-alloxan have been determined for the p^ range 1-6 and related 
to the equilibrium potentials of alloxantin observed by Biilmann and 
Limd. 

2. The association constant of alloxantin has been derived from the 
electrode data. 

3. Equilibrium potentials are not obtained in solutions of pjj above 6 , 
This is probably due to the slow isomeric change of alloxan to alloxanic acid. 
Upon this assumption it has been possible to derive approximate equilibrium 
potentials for the range 6 * 112 . 
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4. The first acidic constants of dialuric acid and of alloxan have been 
determined. A second acidic constant of alloxan is inferred from the electrode 
behaviour of the system and a value for it derived. 

5. Observations have been made on the relation to j)^ of the rates of 
i someric change of alloxan and of autoxidation of dialuric acid. 

One of us (R. K. C.) is indebted to the Medical Research Council for a 
grant from which the expenses of this work have been defrayed. 
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XII. NOTE ON THE DETERMINATION OF 
TRYPTOPHAN BY MEANS OF ^-DIMETHYL- 
AMINOBENZALDEHYDE. 

By william JOHN BOYD. 

[Received November 19th, 1928.) 

Tryptophan reacts with aldehydes in the presence of acids to give coloured 
solutions varying in colour according to the aldehyde used. 

It is well known that in some cases the reaction requires the presence of 
an oxidising agent. Thus the colour reaction of formaldehyde with proteins 
in presence of sulphuric acid is promoted by the addition of a trace of ferric 
sulphate. Oxidising agents in general have a similar effect on the reaction 
of tryptophan with benzaldehyde and vanillin respectively, and it appears 
that this applies generally. Dakin [1906], however, states that the glyoxylic 
acid reaction (Adamkiewicz test) of tryptophan in presence of sulphuric acid 
does not require an oxidising agent, but this is true in measure of the reaction 
with other aldehydes. It can be shown that the presence of reducing sub¬ 
stances such as hydrogen sulphide or formaldehyde retards the development 
of the glyoxylic acid coloration as well as that with other aldehydes. 

In carrying out some work on the tryptophan content of fish-muscle protein 
by means of the method of May and Rose [1922] certain facts came to light 
which are of considerable importance in the application of this test since large 
errors may arise if they are ignored. 

The May and Rose method is carried out as follows: 0*1 g, protein is added 
to a mixture of 60 cc. concentrated hydrochloric acid, 60 cc. water and 1 cc. 
of a 6 % solution of p-dimethylaminobenzaldehyde in 10 % sulphuric acid. 
The mixture is incubated at 36® for 24 hours and then allowed to stand for 
24 hours or longer at room temperature. When tryptophan is present a blue 
coloured solution is obtained. The colour is compared by means of a colorimeter 
with the colour given by caseinogen under the same conditions, and the 
tryptophan content is calculated on the assumption that caseinogen contains 
1-5 % of tryptophan. Jones, Gersdorff and Moeller [1924] have pointed out 
that different proteins are hydrolysed under these conditions at different rates 
and that a longer time must be given for development of the-^colour. 

Holmes and Greenbank [1923] have studied the influence of temperature 
on the reaction of tryptophan, free and combined in proteins, with p-dimethyl- 
aminobenzaldehyde. They found that the development of the colour is much 
more rapid and complete at 37® than at room temperature and also that fading 
goes on concurrently with colour production. The colour is very stable at 
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room temperature but fades rapidly at 42^. They chose 37® as a suitable 
temperature and kept the mixture till a maximum intensity of coloration was 
obtained. This method gave in their hands good results for solutions of pure 
tryptophan but they do not state what standard was used. The conditions 
with proteins are very dilferent since hydrolysis, colour development, and 
colour fading are all going on at once. For this reason a standard solution of 
pure tryptophan is not permissible in determining the tryptophan content of 
proteins if a high temperature is used. 

Holmes and Greenbank have also found difficulty in the varying rate of 
hydrolysis of different proteins and favour the use of enzyme digests. 

Some experiments were carried out with a view to explaining large variations 
in colour intensity obtained using equal volumes of the same trypsin digest 
of caseinogen or equal weights of the same sample of dry caseinogen. The 
relative intensities were sometimes as 7 : 10 and it was also found that the 
order might be reversed, that which at first was less intense becoming the 
stronger. These variations were traced to accidental differences in the illumina¬ 
tion of the two tests. Also, sometimes delay occurred in the development of 
the colour in solutions of other proteins which caused it to be assumed that 
only a trace of tryptophan was present, an assumption subsequently disproved 
by development of considerable coloration. This was traced to the presence of 
small quantities of reducing substances. It was shown that development of 
the colour in solutions of pure tryptophan is retarded by (1) the presence of 
hydrogen sulphide or formaldehyde, (2) a layer of toluene over the reacting 
mixture, (3) absence of light. It was also found that addition of traces of an 
oxidising agent brings about rapid development of the colour at room tem¬ 
perature, and that exposure to bright light has a similar effect. The presence 
of pure isinglass does not hinder the development of colour, it is neither 
hindered by bubbling carbon dioxide through the reacting mixture in daylight, 
nor hastened by bubbling oxygen through the reacting mixture. 

The following factors will now be considered in turn: (1) effect of reducing 
substances; (2) effect of oxidising agents; (3) effect of light. 

of reducing substances. 

Herter [1905] has shown that the colour reaction of urine with p-dimethyl- 
aminobenzaldehyde (due to indole derivatives) is prevented by the presence 
of formaldehyde. Acree [1906] and Dakin [1906] also mention that excess of 
formaldehyde prevents the development of the coloration given by milk with 
formaldehyde in presence of sulphuric acid. In the course of work on cod- 
muscle'protein it was found that, if this purified protein is soaked in a dilute 
solution of formaldehyde and then thoroughly washed with cold water, the 
Adamkiewicz reaction with glyoxylic acid in presence of sulphuric acid and 
the p-dimethylaminobenzaldehyde reaction in presence of hydrochloric acid 
become faint* The material appears to recover the power of giving positive 
tests with these reagents on prolonged storage. 
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These observations, together with the experiment with hydrogen sulphide 
already mentioned, show that the presence of reducing substances is a disturbing 
factor in the determination of tryptophan by the method of May and Rose 
and similar methods using other aldehydes. It follows too that excess of the 
aldehyde reagent will hinder the development of the colour and may cause 
colorimetric readings at a given time to be not truly proportional to the trypto¬ 
phan present. In this connection it may be noted that Holmes and Greenbank 
found little difference in the results obtained, using 1 mol. of reagent for every 
mol. of tryptophan and using 10 mols. of reagent for every mol. of tryptophan, 
but they obtained the best results with 2 mols. It is evident that if only 1 mol. 
is present the aldehyde reagent will be gradually oxidised so that by the time 
all the tryptophan has been liberated there will not be the equivalent quantity 
of aldehyde to combine with it. On the other hand, too great an excess of reagent 
may retard the oxidative development of colour. Probably at the higher 
temperature, 37°, this is not so evident as at lower temperatures. 


Effect of oxidising agents. 

The addition of an oxidising agent at the same time as the reagent is added 
will obviously alter the aldehyde rapidly before it has time to combine with the 
tryptophan, especially as the latter is only slowly liberated from the protein. 
This is confirmed in practice when quantities of the order employed by May 
and Rose are used. The oxidising agent must be added after hydrolysis is 
completed. 

In making qualitative tests in small volumes of liquid the coloration can 
be produced at once on addition of an oxidising agent. Small pieces of tissue 
can be quickly stained for tryptophan in this way. In these instances, however, 
probably only a small fraction of the tryptophan present is transformed. 

In order to compare the coloration obtained with and without addition 
of an oxidising agent, tests were carried out by the method of May and Rose, 
using O'l g. of caseinogen and cod-muscle protein respectively. Duplicate tests 
were carried out similarly but 3 drops of 0*5 % sodium nitrite solution were 
added after 3 days and again after 3 days more. The colorimetric readings 
were made on the following day using a Duboscq colorimeter and a blue glass 
screen of the correct tint as standard: They are given in Table I. 


Table I. Comparison of the intensity of coloration obtained with and without 


addition of sodium nitrite solution. 



Time at room 
temp, after 

Without addition 

Sodium nitrite 

Subetano© 

1 day at 38"" 

of sodium nitrite 

added 

Caseinogen 

7 days 

22-9 mm. 

15*0 ram. 


t, 31 days 

17-4 mm. 


Cod-muscle protein 

7 days 

34*8 mm. 

1741 mm. 


The quantity of tryptophan present is in inverse proportion to the colorimetric 
reading. 
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Prom these results it is evident that the development of colour, without 
addition of sodium nitrite, is so slow that it does not in 31 days attain to the 
intensity obtained in 8 days on addition of sodium nitrite. Also it appears 
that if caseinogen is taken as a standard in order to determine the tryptophan 
content of cod-muscle protein, a higher result is obtained with sodium nitrite 
than without it. 

If caseinogen is assumed to have 2-2 % tryptophan [cf. Jones, Gersdorff 
and Moeller, 1924] the values for cod-muscle obtained by the two methods 
are 1*45 % and 1-87 %. As already explained, variations in the intensity of 
the illumination in the one case may give variable results. 

Similarly for edestin a tryptophan content of 3-50 % was found, which is 
considerably higher than the value obtained by May and Rose [1922] and by 
Jones, Gersdorff and Moeller [1924] without addition of an oxidising agent, 
the same tryptophan content of the caseinogen being assumed in each case. 

Addition of a trace of nitric acid or of hydrogen peroxide has a similar 
effect to that of sodium nitrite. 


Effect of light. 

It has been mentioned already that the coloration produced in the May and 
Rose test varies according to the degree of illumination of the solution. 

The following experiment illustrates the effect of light in promoting the 
reaction of tryptophan with jo«dimethylaminobenzaldehyde. 0*1 g. edestin was 
added to a mixture of 100 cc. 18 % hydrochloric acid with 1 cc. of a 5 % solu¬ 
tion of p-dimethylaminobenzaldehyde in 10 % sulphuric acid. This was allowed 
to stand at room temperature (10^) in the dark for 24 hours. A little gelatinous 
edestin remained undissolved and was removed by means of a glass rod. Equal 
portions of the clear colourless solution were decanted into three beakers of 
5 cm. diameter. One of these was returned to the dark room, one was placed 
just inside a closed window and the third outside on the sill. The sky was cloudy 
but fairly bright. Within 1 minute the solution outside was distinctly blue, 
w^hilst no trace of blue colour could be detected in the other portions. In 
30 minutes the solution outside was deep blue, that inside the window was 
faintly blue, whereas that in the dark was quite colourless. A drop of hydrogen 
peroxide rapidly developed colour in the last-mentioned solution. It is probable 
that the ultra-violet rays are the active agents since the interposition of glass 
or toluene makes a considerable difference in the rate of colour development. 

From these considerations it appears that the best w'ay to avoid the dis¬ 
turbing effects of varying illumination, and of reducing substances, is to add 
a little sodium nitrite, nitric acid or hydrogen peroxide to the test after 
hydrolysis is completed. For example 3 drops of 0*5 % sodium nitrite may 
be added to the test after incubation for 24 hours at 36^ and 3 days at room 
temperature, and again after 3 days more, the colorimetric comparison being 
made next day. 


Bioohem. 11)20 xxin 
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The addition of sodium nitrite has been adopted by Fiirth and Lieben 
[1920], using formaldehyde instead of jp-dimethylaminobenzaldehyde. This 
addition is now shown to be advisable with the latter reagent. 

Undoubtedly the ideal procedure would be to carry out the test on an 
enzyme-digest of the protein if the tints obtained with these digests were not so 
variable for different proteins. From some tests made on these lines it appears 
likely that the tryptophan content of cod-muscle is higher than the value 
given on page 81, and higher than that of caseinogen, but owing to the difficulty 
mentioned the results are uncertain. 

Summary. 

Errors can arise in the determination of tryptophan in ])rotcins by the 
method of May and Bose (1) through unequal illumination of the reacting 
mixtures, and (2) through the presence of reducing substances such as hydrogen 
sulphide or aldehydes. 

The development of the colour is an oxidation process which go«s on slowly 
in dull light and more rapidly in bright light. It is not nearly complete in a 
period of 4 weeks in ordinary diffuse daylight in the laboratory. It can 
conveniently be hastened by adding a trace of an oxygen carrier or oxidising 
agent after hydrolysis of the protein. 

In carrying out the test 3 drops of 0*5 % sodium nitrite solution should 
be added to the reaction mixture after 24 hours’ incubation at 36° and 3 days 
at room temperature and again after a further 3 days, the colorimetric 
comparison being made next day or later. 

By this modified method higher values for the tryptophan content of cod- 
muscle protein and edestin are obtained than by the unmodified method of 
May and Rose. 
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XIII. THE ACTION OF INSULIN IN NORMAL 
YOUNG RABBITS. 


By MAURICE WALTER GOLDBLATT {Beit Memorial Fellow). 

From the Medical Unit, St Thomas's Hospital, London. 

{Received December 17th, 1928.) 

The early publications by the discoverers of insulin gave evidence that under 
the influence of insulin the glycogen content of the liver increased. Later, 
however, contradictory results were obtained. Dudley and Marrian [1923] 
state that, using normal mice, they found that the sugar disappearing from the 
blood under the action of insulin is not stored in the liver or the muscles as 
glycogen. Further they found that a dose of insulin big enough to produce 
convulsions depletes the liver and muscles of glycogen. Collazo, Handel and 
Rubino [1924], however, investigating the glycogen of liver and muscles in 
normal guinea-pigs 4 hours after the injection of 7 units of insulin, found a 
marked increase in both situations. Their animals were starved for 18 hours and 
received 3 g. of glucose by stomach tube before the injection of the insulin. 
The degree of rise in glycogen in these experiments both in liver and muscle 
was about 50 to 70 % above the controls. Cori [1925] found that starving 
rabbits showed no appreciable change in their liver-glycogen in the first hour 
of insulin action and that this was true whether the initial glycogen content 
was high or low and whether the fall in blood-sugar was large or small. In the 
second hour after insulin the liver-glycogen was found to remain constant or 
decrease. Similar results were obtained with mice, the average liver-glycogen 
of 16 injected animals being 39 % lower than the average of 16 controls. On 
the other hand completely phloridzinised and starving cats, dogs and rabbits 
were found to deposit liver-glycogen under the influence of insulin. Cori [1924] 
found an increased glycogen formation as a result of insulin action. Grevenstuk 
and Laqueur [1926], however, questioned this result. Frank and Hartmann 
[1926] criticised the findings of Grevenstuk and Laqueur, and Frank, Nothmann 
and Hartmann [1926] claim to have found an increase in liver-glycogen in 
fasting rabbits using small doses of insulin. Barbour et at. [1927], using a large 
number of standard rats, examined the changes in blood-sugar and muscle- 
and liver-glycogen induced by insulin. The effect produced depended on the 
dose of insulin. Thus, with 1 or 2 units per kg. body weight the liver-glycogen 
fell during the first IJ hours and rose slightly after 2 hours: with 3 units per 
kg. there occurred a steadily progressive fall in the liver-glycogen. The muscle- 
glycogen of starving animals fell in all cases after insulin. In fed animals, 
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however, the total fall in liver-glycogen was almost balanced by a rise in the 
muscles. Cori and Cori [1928}, after studying sugar utilisation in normal fasting 
rats, concluded that, “after insulin, the utilisation of absorbed sugar in the 
peripheral tissues (mainly muscles) is increased to such an extent that there is 
almost no sugar available for glycogen deposition in the liver.” On this view, 
therefore, the main action of insulin is to bring about increased oxidation of 
glycogen in the peripheral tissues. Other experimenters found definite decreases 
in muscle-glycogen after insulin, for example, Dudley arid Marrian [1923], 
Andova and Wagner [1924], and Kay and Robison [1924]. According to 
Hetenyi [1925] the “total sugar” of muscles falls after insulin. The work of 
Dale and co-workers [1926] has demonstrated that deposition of glycogen can 
be brought about in the eviscerated spinal cat by means of insulin, whereos 
without insulin perfusion with glucose does not lead to glycogen formation. 
Best, Hoet and Marks [1926] regard the immediate action of insulin as being 
a production of a more rapid combustion of sugar with a coincident furtker 
synthesis of glycogen. 

It is apparent that as far, at any rate, as the liver-glycogen is concerned 
no final decision has been reached. The interpretation of any given series of 
results will naturally depend on the view taken of the glycogenic function. 
The two main views of the glycogenic function are the so-called storage theory 
and the secretory theory. The distinction between these views is fundamental: 
the former states that glycogen is deposited in the liver as a passive store which 
represents the excess of absorbed over utilised carbohydrate, and that the 
function of the liver is to keep the blood-sugar below certain levels. The latter 
regards glycogen as a true internal secretion and considers that the liver is 
constantly manufacturing this substance and liberating it as glucose in order 
to keep the blood-sugar above hypoglycaemic levels. The evidence for the 
secretory view is accumulating rapidly and has been fully discussed by Cramer 
[1928] and experimentally supported by Markowitz [1925]. 

A further matter which must be constantly kept in mind is the irreversibility 
of muscle-glycogen. Once glycogen is formed in the muscles it can no longer 
contribute to the upkeep of the blood-sugar. The experiments of Maun and 
Magath [1925] show that in hepatectomised dogs adrenaline can no longer 
bring about a rise in blood-sugar, in spite of the presence of glycogen in the 
muscles. From the point of view of available carbohydrate which could 
conceivably be of value in the relief of insulin convulsifns it seems clear that 
muscle-glycogen is valueless. Strangely enough Chaikoff [1925] suggests that 
the condition for the recovery from convulsions is the presence of muscle- 
glycogen. 

Dudley and Marrian [1923] concluded that muscle-glycogen was almost 
completely absent when convulsions occurred, but Chaikoff [1925] showed that 
this was not the case, a finding with which we entirely agree. 
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Experimental. 

The first point which had to be considered was the choice of animals which 
could provide reliable controls. Barbour et al. [1927] state that rabbits are 
unsuitable because of the marked irregularity in the glycogen content of the 
tissues, even when every precaution is taken to have the animals fed and other¬ 
wise treated alike. This is certainly true of adult rabbits but it is not for very 
young ones, particularly if they are from the same litter. The values for muscle- 
glycogen are not as uniform as those for liver-glycogen. It was therefore 
decided to breed our own rabbits and carry out comparative experiments on 
members of the same litter. The animals were allowed to grow for periods of 
about 6 weeks, their diets being bran, oats and abundant green stuff as soon 
as they became independent of the mother. Occasionally there is some 
difficulty in keeping them healthy, as they are very susceptible to infections. 
Our best litters were obtained from primiparae, particularly if the young were 
all dominants. 

The young animals were placed in a cage with no food for 24 hours before 
experiment. They were then divided into two groups, one being taken for 
controls. Only the most definitely healthy animals were taken. 

Blood-sugar was determined by MacLean’s method, heart-blood being 
generally taken. 

Glycogen was determined in liver and muscle in the following manner. The 
animal was killed by a sharp blow on the back of the head, extended and the 
thorax and abdomen were rapidly opened. 0*2 cc. blood was taken immediately 
from the heart and transferred to the sodium sulphate used in the blood-sugar 
method. The thorax was packed with swabs and the liver quickly removed, the 
gall bladder detached and the liver weighed. Boiling 00 % potassium hydroxide 
(1 cc. to 1 g. tissue) was added. This process, from the time of killing the 
animal until the addition of the potassium hydroxide, did not occupy more 
than 90 seconds. In general the whole liver was worked up, but in a few cases 
part of it was taken for the estimation of fat. The liver was never minced but 
cut into small pieces with sharp scissors. 

Meanwhile the posterior extremities were skinned and the gastrocnemii 
muscles removed, weighed and worked up for glycogen in the usual way. The 
separation of the muscles is easy in young rabbits because there is very little 
fat and one obtains what is almost all muscle tissue. The precipitate of glycogen 
was allowed to settle during 24 hours, filtered, washed twice with 66 % alcohol, 
twice with absolute alcohol and with absolute ether. The glycogen was dissolved 
in boiling water which was allowed to filter through into a volumetric flask. 
An aliquot part was hydrolysed in 1*8 % HCl, until no more glucose was pro¬ 
duced. The period was usually 2 hours when the total glucose was not greater 
than 60 mg. After cooling and neutralising with KOH, the solution was made 
up to a known volume and Altered through a starch-free filter-paper. 

The glucose was estimated by the method of von Issekutz and von Both 
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[1927] which depends on the reduction of potassium ferricyanide as in the 
Hagedorn and Jensen blood-sugar method, and the quantities have been so 
adjusted that amounts of glucose only up to 15 mg. can be estimated. The 
technique is particularly suitable for aequrate glycogen estimations. In 
general, in this work, the quantities were adjusted so that no estimation involved 
more than 10 mg. of glucose. Many duplicates were carried out, always with 
the most satisfactory results. 

The insulin used in these experiments was that prepared by Messrs Bur¬ 
roughs and Wellcome. Dilutions w^ere made up in distilled water so that 1 cc. 
contained 1 clinical unit, and were used only on the day of preparation. ' 

Exj), 1. Six young rabbits, 10 weeks old, from the same litter. Starvation 
for 24 hours before experiment. Three were used as controls and three were 
injected subcutaneously with 0*5 clinical unit of insulin. The first of the in- 
sulinised animals was killed 1 hour after the injection and the remaining two 
at the first sign of convulsions. The onset of convulsions in these young animals 
is always introduced by a period of incoordination followed by flaccidity. 
These are followed generally by a certain period of recovery, then a typical 
convulsion. In this experiment the animals were not allowed to go into 
convulsions but killed at the onset of flaccidity. 

Blood for sugar estimation was taken from the heart. The fat content of 
the liver was also determined in this experiment. 


Controls, 




Blood- 




Time 



sugar 

Glycogen (%) 

Liver- 

Liver- after 


Wt. (g.) 

(g. per 

r 

-, 

glycogen 

fatty acid insubn 

No, 

100 cc.) 

Liver 

Muscle 

(mg.) 

(%) (hrs.) 

1 

338 

0 077 

0-33 

0-12 

31 

3-91 — 

2 

397 

0162 

0-32 

0-16 

38 

8-59 — 


373 

0120 

0*31 

0 21 

30 

7-75 — 


Insidinised animals (0-5 unit in each case). 


4 

340 

0-062 

0-79 

0-17 

72 

3-80 

1 

5 

415 

“0” 

1-63 

0-25 

204 

9-60 

2 i 

6 

414 

“0” 

1 76 

0-18 

248 

6-68 

3 


It will be seen that the blood-sugars of Nos. 5 and 6 are given as 
This symbol indicates that the thiosulphate equivalent of the blood-sugar 
by MacLean's method was less than 0*2 cc. It was frequently noticed in these 
experiments that a blood-sugar of these vanishing proportions was not 
necessarily immediately associated with convulsions, and in the above animals 
there was merely loss of coordination and flaccidity. 

In the insulinised animals the liver-glycogen displayed a rise, compared 
with that of the normal animals, of over 100 % in 1 hour and over 700 % in 
3 hours. The muscle-glycogen did not show any significant variations. The 
values for the liver-fat gave no information at all. The iodine values were 83, 
92 and 101 respectively for the controls, and 105, 90 and 118 for the insulinised 
animals, thus showing no definite change in the degree of saturation of the 
fatty acids. 
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Exp. 2. In this experiment the dose of insulin administered was 0*2 unit 
per animal. Four young rabbits from the same litter, 6 weeks old, were taken. 
Starvation for 24 hours before experiment. 


Controls. 




Blood 







sugar 

Glycogen (%) 

Liver- 




(g. per 



glycogen 


No. 

Wt. (R.) 

r 

Muscle 


100 cc.) 

Liver 

(mg.) 

Remarks 

1 

5tio 

0-090 

0-60 

0-06 

124 

_ 

2 

427 

0110 

0-15 

0-19 

21 

— 



Insulinised animals (0*2 unit per 

animal). 

3 

52.3 

0-005 

1-40 

0-08 

272 

1 hr. 25 mins, after insulin 

4 

473 


0-95 

0-23 

100 

2 hrs. after insulin 


In this experiment the same effect is seen as far as the liver-glycogen is 
concerned. The liver-glycogen in No. 1 was unusually high, but in spite of this 
there could be no doubt as to the very large increase. The results with the 
muscles were difficult to interpret. 

In the next experiment the glycogen deposit at the beginning of convulsions 
was compared with that in animals after death following convulsions. 

Exp. 3. Three young rabbits from the same litter, 6 weeks old. The dose 
of insulin was 0*5 unit per animal. 




Blood- 
sugar 
(g. per 

Glycogen (%) 

r ' ' ^ 

liiver- 

glycogen 

(mg.) 


No. 

Wt. (g.) 

100 cc.) 

Liver 

Muscle 

Remarks 

1 

384 

0-11 

0-27 

0-43 

41 

Control 

2 

479 

-0” 

0-92 

0-20 

160 

Slight convulsion IJ hrs. after 
insulin. Killed 1 hr. 40 mins, 
after insulin 

3 

427 

“0” 

2-03 

0-15 

292 

Violent convulsions If hrs. after 
insulin. Died in convulsions 
3 hrs. after injection 


Again the very large rise in glycogen in the liver is seen, the animal actually 
dying in convulsions having about seven times as much in its liver as the 
control. This quantity of glycogen converted into glucose and discharged into 
the blood-stream would have been ample to avert convulsions and death for 
a considerable time. Whatever theory be accepted as to the action of insulin, 
it is quite clear that the glycogen is “locked” in the liver and not even the 
violent convulsions, with, probably, the stimulation of the adrenals, could in 
these animals bring about an effective glycogenolysis. The values for muscle- 
glycogen showed that, at any rate, death was not due to the absence of glycogen, 
as was suggested by Chaikoff [1925]. There was, however, definitely less 
glycogen per cent, in the insulinised animals than in the controls. Attention 
must be drawn to the fact that there was nearly twice as much glycogen in 
the liver of the animal allowed to die of convulsions as in that of the one killed 
at the onset of the hypoglycaemic attack. This, we consider, is clear proof that 
the action of insulin, in so far as it influences the deposition of glycogen, is 
independent of the convulsions. In fact we formed the impression that the 
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animal, as far as its glycogenic mechanism is concerned, was divided into two 
separate systems; one amassing glycogen in the liver and preventing its escape 
as glucose, and the other depleting such glycogen as was already present in 
the peripheral tissues. In these young animals the convulsions are never so 
violent as they are in adult animals and so the fall in muscle-glycogen is not 
so marked. 

In the next experiment it was decided to find how far the very marked 
effect of insulin on the liver-glycogen could be influenced by the injection of 
adrenaline. It is well known that adrenaline exerts an antagonistic action to 
insulin by stimulating glycogenolysis and so preventing hypoglycaernia. The 
old observation of Gatin-Gruzewska [1906] that adrenaline depk'tes the glycogen 
of the body is well known, but a considerable time of action and repeated 
injections are necessary to produce this effect. Poliak [1909] found that 
repeated injections of adrenaline into glycogen-free rabbits brought about a 
deposition of glycogen of the same order as that found in carbohydrate-fed 
animals. 

Drummond and Paton [1904] obtained similar results. Kuriyama [1918] 
found an increase of glycogen in the livers of fasting rabbits after injections 
of adrenaline, and Cori [1928] found a marked increase in rats. Muscle-glycogen 
is found to fall and it has been suggested that adrenaline brings about an 
increased breakdown of muscle-glycogen to lactic acid, w'hich then can be 
built up again to glycogen in the liver. In a recent communication on the 
action of adrenaline in depancreatised dogs Chaikoff and Weber [1928] claim 
to have shown that it can bring about a marked glucorieogenesis from fat. 
There is no doubt that adrenaline can produce a very marked hyperglycaemia 
in animals that have been starved for long periods or otherwise treated until 
the liver contains only very small amounts of glycogen. If, as seems very 
probable, these experiments indicate that adrenaline stimulates gluconeo- 
genesis and at the same time glycogenolysis, then its effect on insulin action 
will depend upon the difference between these two processes. 

What we wished to determine was whether any evidence could be obtained 
that adrenaline influenced the action of insulin directly. 

Exp. 4. Four young rabbits from the same litter, 6 weeks old. Starvation 
24 hours. 


No. 

Wt. (g.) 

Blood- 
sugar 
(g, per 

Glycogen (%) 

A 

r . ^ 

Liver- 
glycogen 


100 cc.) 

liver 

Muscle 

(mg.) 

Remarks 

1 

384 

0*110 

0*27 

0-43 

41 

Control 

2 

363 

0-256 

0-38 

0*28 

49 

0-25 mg. adrenaline sub¬ 
cutaneously. Killed If hrs. 
later 

Z 

366 

“0” 

1-56 

0*36 

190 

0*6 unit insulin subcuta- 
neousR. Killed at onset of 
convulsions 1 hr. 35 mins, 
later 

4 

364 

0*146 

1*34 

020 

182 

0*25 mg. adrenaline, 0*5 unit 
insulin at same time. Killed 


2 hrs. later 
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Exp, 5. Two rabbits from the same litter, 6 weeks old. Starved 24 hours. 




Blood- 






sugar 

Glycogen (%) 

Liver- 




(g. per 

^- A -^ 

glycogen 


No. 

Wt. (g.) 

100 ec.) 

Liver Muscle 

(mg.) 

Remarks 

1 

328 

0040 

0-34 — 

38 

Control: blood-sugar un¬ 






usually low 

2 

402 

0062 

3-86 

465 

2.12 p.m. 0-5 unit 
.5.38 p.m. 0*5 unit 

0.45 p.m. Convulsion 

0.55p.m. Convulsion. 1 mg. 
adrenaline 

Killed 2 hrs. later, aft^r 






complete absence of con¬ 
vulsions for 2 hrs. 


It IS clear from these experiments that 0*25 mg. adrenaline acting for 
11 hours had no effect on the total liver-glycogen of animal No. 2, experiment 4, 
although there was hyperglycaemia: but there was a suggestively lower 
muscle-glycogen. No. 3 showed the usual large increase in liver-glycogen. 
Animal No. 4 showed that 0*25 mg. adrenaline could not prevent the accumu¬ 
lation of glycogen under the action of insulin, although sufficient sugar was 
liberated to prevent all hypoglycaemic manifestations. When we consider 
that, throughout the period of 2 hours after the injections in animal 4, there 
was a high discharge of sugar from the liver and probably an increased peri¬ 
pheral utilisation, and that in spite of this the accumulation of glycogen was of 
the same order as in animal 3, it seems not unreasonable to suppose that the 
adrenaline had contributed to the process of glycogenosis as well as given rise 
to an increased glycogenolysis. 

In experiment 5, I mg. of adrenaline, whilst bringing about complete 
recovery from the insulin convulsions, did not do so by inhibiting the effect 
of insulin on the liver-glycogen. In fact the increase in liver-glycogen was to 
about 12 times the control value, in spite of a continuous discharge of sugar 
for 2 hours. 

Up to this point, then, our results indicate that, in the starving young 
rabbit, insulin brings about a large increase in liver-glycogen and possibly a 
decrease in muscle-glycogen: further, that the increase in the liver can proceed 
in spite of the fact that the animal may be approaching death, which could 
be averted if this glycogen were liberated. It has also been seen that in these 
young animals death may occur in insulin convulsions from exhaustion, 
without the glycogen of the muscles having been used up. In addition it has 
been found that adrenaline in doses sufficient to produce a powerful hyper¬ 
glycaemia does not necessarily deplete the glycogen in the liver, nor does it 
inhibit the glycogen increase following the injection of insulin. 

Our next series of experiments was carried out with the object of finding 
what agents could bring about an inhibition of the glycogenosis induced by 
insulin. From several previous experiments we had satisfied ourselves that 
anaesthesia with ether or chloroform produces in rabbits a very high and lasting 
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hyperglycaemia, which involves the whole cardio-vascular system. The 
question as to whether this effect is due to a stimulus to glycogenolysis or to 
an inhibition of insulin action presented itself. 

It was decided to use ether because of the less severe strain on the vascular 
system, chloroform being definitely dangerous to such young animals as we 
were using. 

In examining the results obtained it must be understood that in no case 
in which we have injected insulin into young rabbits has there been any 
question of the immense rise in liver-glycogen. 

Exp. 6. The animals used were 6 weeks old and from the same litter as 
those in experiment 5. The two rabbits of 5 are included in the following 
table for comparison. The plan of experiment was to anaesthetise an animal 
when it developed insulin convulsions and to find the effect of insulin in another 
animal when it was fully under ether. Muscle-glycogen was not determined. 




Blood- 





sugar 

Liver-glycogen 



(g. per 

r 

- ^ 

No. 

wt. (g.) 

1(K) CO.) 

0/ 

/O 

mg. 

1 

328 

0-040 

0-34 

38 

2 

402 

0062 

3*86 

465 

3 

342 

“0” 

0*69 

84 


4 518 0-104 0-49 84 


Romarks 

Control 

Insulin and adrenaline, vidt Exp. 5 
2.13 p.ni. 0-5 unit inaulin 

4.30 p.m. Convulsion 

Open ether—complete recovery 

5.42 p.m. 0-5 unit insulin 

0.45 p.m. Convulsion 

Open ether—complete recovery 

7.17 p.m. Convulsion 

Open ether—cortiplete recovery' 

7.40 p.m. Killed 

11.30 a.m. Blood-sugar 0-131 g. per 100 cc. 

11.45 a.m. Open ether and kept under 

11.46 a.m. 0-5 unit insulin 

11.55 a.m. Blood-sugar 0*122 g. jier 100 cc. 
12.45 p.m. Blood-sugar 0-117 g. })er UMicc. 

1.30 p.m. 0*5 unit inaulin 
1.35 p.m. Blood-sugar 0*077 g. ])er 100 cc. 
3.15 p.m. Killed after 3j hrs. anaesthesia 


The first point which emerges from this experiment is that the insulin 
convulsions were completely stopped by the ether anaesthesia. In the case of 
animal 4 the onset of convulsions was entirely prevented. With animal 3 the 
anaesthesia was light, so that convulsions occurred when it wore off somewhat: 
but in the case of 4 the continuous and deep anaesthesia almost entirely 
inhibited the action of the insulin, thus, in' 3| hours after the two injections of 
0*5 unit each, the blood-sugar had only fallen from 0-131 to 0-104 g. per 100 cc. 
Further, in neither case did there occur the very large rise in liver-glycogen 
which occurs invariably after insulin alone. There was, it is true, over twice 
as much glycogen in the livers of 3 and 4 as in the control, but this is a very 
small effect compared to that, for example, in No. 2. 

We conceive that in animal 3 the glycogen content of the liver was rising 
and would have continued to do so had the animal been allowed to go ou living 
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for as long as it could under the circumstances. The action of the insulin would 
come in as the effect of the ether wore off. 

In animal 4, on the other hand, the continuous anaesthesia tends to promote 
a continuous flow of sugar from the liver whilst the insulin ineffectually 
antagonises this by exerting a ‘‘locking” action on the liver. This effect is 
different from that of adrenaline, for, as we have seen in experiments 4 and 5, 
an injection of this substance sufficient to prevent convulsions produces 
hyperglycaemia and does not prevent the insulin from promoting a large 
deposition of glycogen in the liver. It seems to us that the effect of the 
anaesthetic is due to a toxic action on the liver cells, making it difficult for 
them to elaborate glycogen from exogenous or endogenous carbohydrate. 

In animal 3 there must have been at 4.30 p.m. a large increase in liver- 
glycogen over the value at the outset, so that the anaesthesia must have 
liberated it again, this happening each time the convulsed rabbit was given 
ether. In animal 4 there did not occur any considerable hyper- or hypo- 
glycaemia throughout the hours of the experiment, hence the inability to 
lay down any largely increased amount of glycogen must have been due to 
some effect on the liver itself. 

The very powerful liberation of sugar which takes place in rabbits under 
ether is shown in the following experiment on an adult animal. 


Blood-sujjar, g. per 100 cc. 
Time after ether --- 


anaesthesia (mins,) 

0 

10 

40 

48 

58 

Peripheral vein 

0a29 

0 193 

0 327 

0-383 

0-383 

Inferior Vena Cava 

— 

— 

0 330 

0-340 

0-378 

Portal vein 

— 

— 

0-293 

0-327 

0-362 


The fact that this effect was absent in animal 4, experiment 6 , shows that 
glycogenolysis was at its normal level and hence the failure to lay down any 
greatly increased quantity of glycogen localises the inhibition in the liver 
itself. 

The failure of insulin to produce its typical effects in certain cases of very 
severe diabetes may be analogous to this effect of ether. The intense acidosis 
and poisoning with the toxic products of abnormal metabolism may produce 
this antagonism to a successful action of insulin by rendering the cell incapable 
of forming glycogen. Thus Sevringhaus [1926] found that injections of sodium 
acetoacetate into fasting rabbits retarded the blood-sugar-lowering action of 
insulin. Koehler [1926] found that in diabetics with well-marked acidosis 
(blood-j)]a^ 6-8 to 7-2) doses of 100 to 300 units in 24 hours had no marked 
effect. The partial loss of tolerance to carbohydrate, induced by the ingestion 
of NH 4 CI, CaCljj or NaHCOg in big doses, is probably due to a similar toxic 
condition of the hepatic cell. The same is probably true of the intolerance to 
carbohydrate arising in starvation. 

If this view of the action of ether is correct, its effect in preventing insulin 
convulsions and the accumulation of glycogen in the liver becomes under¬ 
standable. 
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Adrenaline acts by liberating hepatic carbohydrate, at the same time 
probably increasing gluconeogenesis, and so does not, within the period of our 
experiments, interfere with the action of insulin in promoting an accumulation 
of liver-glycogen, although the blood-sugar may be maintained at high levels. 
Ether, on the other hand, prevents insulin from exerting its typical effect, by 
making it difficult or impossible for the liver cells to transform sugar to 
glycogen. 

The next matter which was examined was the question as to how far the 
action of insulin could be influenced by convulsions. There seems to be no 
doubt that convulsions in a muscle deplete its glycogen, although there is some 
evidence that a muscle can respond to induction shocks even when its glycogen 
content has been reduced to vanishing proportions by injection of convulsants 
[Olmsted and Harvey, 1927]. Now in our young animals the convulsions in¬ 
duced by insulin are not powerful enough to deplete either muscle- or liver- 
glycogen. What we wished to determine was whether convulsions produced by, 
say, strychnine sulphate could in the presence of insulin prevent the accumu¬ 
lation of glycogen in the liver. Two types of experiment were possible: (1) to 
induce strychnine convulsions during the action of insulin, and (2) to inject 
insulin during and between strychnine convulsions. 

Exp. 7. Seven young rabbits from the same litter, 6 weeks old. Starvation 
24 hours before experiment in each case. 


Blood- 




sugar 

Glycogen (%) 

Liver- 



(g- per 

r 

_A- 

glvcogen 

No, 

Wt. (g.) 

100 cc.) 

Liver 

Muscle 

(ittg-) 

1 

451 

0113 

0-59 

0-30 

78 

2 

448 

0-090 

0-32 

0-14 

56 

3 

457 

0-109 

0-26 

0-19 

50 


4 

461 

0-058 

1-37 

0-16 

230 

5 

442 

0-113 

1-90 

0-15 

374 


Remarks 

(k>ntr()l 

2.48 p.m, 0*2 mg. strychnine 
2.52 p.m. Conv^nlsion—typical 

3.20 p.rn. Died after 28 mins of 
convulsions 

1.35 p.m. 0-05 mg. strychnine 
2.06 p.m. O'lO mg. strychnine 

2.36 p.m. 0*10 mg- strychnine 
2.54 p*Ki- 0*20 mg. strychnine 
2.57 p.m. Convulsion 

3.34 p.m. Died after 37 mins, of 
convulsions 

2.50 p.m. 0’5 unit insulin 
5.02 p.m. 0*2 mg. strychnine 
5.12 p.m. Strychnine convulsions 
6,13p.m. Died—11 mins, afto 
injection of strychnine 
2.00 p.m. 0-5 unit insulin 
3.05 p.m. Hypoglycaemio reac¬ 
tion 

3.21 p.m. Insulin convulsion with 
recovery 

3.22 p.m. 0*2 mg. strychnine 
3.27 p.m. Insulin convulsion with 

recovery 

3.84 ^,m. Strychnine convulsions 
—very violent 

3.39 p.m. Died—17 mins, after 
injection of sti^chnine 
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Wt. (g.) 

Blood, 
sugar 
(g. par 

Olycogen (%) 

Liver- 

glycogen 


No. 

100 cr.) 

Liver 

Muscle 

(mg.) 

Remark? 

6 

454 

0*110 

0*46 

0*15 

79 

5*28 p.m. 0*2 mg. strychnine 

5.50 p.m. Violent convulsions 

5.51 p.m. 0*5 unit insulin 

6.14 p.m. 0*2 mg. strychnine 

6.30 p.m. Died—62 mins, after 

first dose of strychnine and 39 
mins, after injection of insulin 

7 

453 

0056 

0-26 

0-21 

46 

6.59 p.m. 0-2 mg. strychnine 

7.32 p.m. Convulsion with re- 


covery 

7.53 p.ni. 0-15 mg. strychnine 

8.04 p.m. Strychnine convulsion. 
0-5 unit insulin 

8.40 p.m. Strychnine convulsion 
ceased 

8.56 p.m. 0-2 mg. strychnine 

9.06 p.m. Intermittent convul¬ 
sion 

9.21 p.m. Killed—after 3 hrs. 
22 mins, strychnine action and 
1 lir. 17 mins, insulin action 

S€V(3ral facts emerge from this experiment. First, it is clear that these 
young animals can die after convulsions lasting over 30 minutes without losing 
all the glycogen from the liver or muscles, or, indeed, depleting it to any 
considerable extent. This is probably due to the fact, already mentioned, that 
the convulsions are not as violent as in an adult animal and that the young 
animals die of exhaustion. Nos. 2 and 3 illustrate this point. It is also to be 
observed that the period of convulsion was in both animals about half an hour. 

In the cases of Nos. 4 and 5 the strychnine was injected when they were 
in a definitely hypoglycaemic condition and it was found that both animals 
died extremely rapidly. The effect was very striking, in No. 4 death followed 
in 1 minute after the onset of convulsions and in No. 5 in 5 minutes. In Nos. 4 
and 5 the hypoglycaemia had been remedied by the strychnine convulsions, 
the values being 0-058 % and 0-113 % respectively. Increases were observed, 
moreover, in the glycogen in the liver of the same order as that when insulin 
acts alone, and the muscles contained amounts not significantly different from 
those of other young animals. Our attitude to the muscle figures is governed 
by the principle that we are in search of big effects and are loath to base 
hypotheses on small absolute changes. One thing, however, is clear, namely, 
that these animals did not die from hypoglycaemia or from depletion of 
muscle- and liver-glycogen. Of course in both cases the strychnine convulsions 
only lasted from 1 to 5 minutes, so that one could hardly expect much effect, 
but the fact that death followed so quickly seems to point to some hyper¬ 
sensitivity to the alkaloid in the. insulinised animal. 

When, however, we examine the results obtained from animals 6 and 7 the 
picture is quite different in several respects. In animal 6, 0-2 rag. strychnine 
brought about violent convulsions in 22 minutes. 0*5 unit insulin was at once 
injected and the animal had no further convidsion during the succeeding 
24 minutes. An additional 0-2 mg. strychnine was then injected and the 
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animal died in 16 minutes, that is, 62 minutes after the injection of the first 
dose of alkaloid and after the insulin had been acting for 40 minutes. 

In animal 7, 0*2 mg. strychnine induced convulsions in 33 minutes, but 
recovery soon occurred. Another dose of 0*15 mg. induced violent convulsions 
in 11 minutes, when 0*5 unit insulin was injected. Convulsions of the strych¬ 
nine type continued for 36 minutes and then ceased. After 16 minutes without 
any convulsion a further 0*2 mg. strychnine was injected and in 10 minutes 
violent intermittent convulsions set in. The animal was killed 15 minutes later, 
that is, 3 hours, 22 minutes after the first injection of strychnine and 1 hour, 
17 minutes after the injection of insulin. In neither of these animals did a 
decided hypoglycaemia occur, the heart blood-sugars bemg 0*110% and 
0*056 %. As seen from animals 2 and 3, strychnine does not bring about a 
hyperglycaemia, so there is no analogy to the actions of adrenaline and ether, 
although the convulsions may conceivably stimulate the adrenals to some 
extent. Examining the results further, it is readily seen that the glycogen 
contents of both liver and muscle showed no significant departure from those 
of untreated animals, thus contrasting strikingly with the results in the cases 
of animals 4 and 5. 

It appears then that during the violent convulsions following strychnine, 
insulin does not bring about its typical effect. Death, when it occurs in these con¬ 
ditions, does not result from the action of insulin but from that of the alkaloid. 

It is tempting to imagine some interference arising from the action of the 
strychnine on the spinal cord, but much further evidence is necessary. There 
is, indeed, some evidence that insulin exerf;s its effect via the cord, but it is 
still only in the presumptive stage. 

Discussion. 

We take the provisional view that the action of insulin is to prevent the 
discharge of glycogen from the liver. We conceive that the process of ab¬ 
sorption into the liver of glycogen-producing substances goes on from the gut 
and the blood as freely in the starving insulinised animal as in the control, but 
for some reason yet to be discovered the process of glyodgenolysis is prevented. 
Peripheral utilisation continues and the blood-sugar reaches levels at which 
symptoms appear. This ''locking’’ effect on liver-glycogen can be readily and 
strikingly demonstrated in young fed rabbits as well as starving animals. 

Exj). 8. Two young rabbits from the same litter, 6 weeks old. Taken off 
food during the period of experiment only. 


No. 

Wt. (g.) 

Blood- 
sugar 
(g- per 
100 cc.) 

Glycogen {%) 

r ' ' *> 

Liver Muscle 

Liver- 

glycogen 

(g.) 

Remarks 

1 

297 

0166 

9-94 

0-66 

1-39 

Control 

2 

373 


9-26 

0*31 

204 

1.05 p.m. 0 6 unit insulin 


3.00 p.m. 0-5 umt insulm 
6.25 p.m. 0*6 unit in«ulin 
7.06 p.m. Goavul^on with re* 
oovery 

7.16 p.m. Killed 
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Exp. 9, Two young rabbits from the same litter, 6 weeks old. Taken off 
food during the period of experiment only. 


Blood>8Ugar Liver- 

(g. {>or glycogen 

No. Wt. (g.) 100 cc.) (g.) 

1 542 0 143 1-56 

2 517 “0” 1-03 


Remarks 

Control 

1.10 p.m. 0-5 unit insulin 

4.30 p.m. 0-5 unit insulin 
5.15 p.m. Convulsion 

6.30 p.m. Convulsion 
5.40 p.m. Convulsion 
5.43 p.m. Killed 


Here we have animals, No. 2 in each experiment, which are in extremis for 
the want of blood-sugar and which possess between 1 and 2 g. of glycogen in 
the liver. Experiment 8 shows also the very much lower muscle-glycogen of 
the insulin-treated animal. The blood contained practically no copper-reducing 
substance and the liver was incapable of yielding any to it. 

That in the fed animal it takes much longer and much larger doses of 
insulin to produce hypoglycaemia than in the starved animal we conceive as 
due to the difficulty of increasing the glycogen in a liver already highly charged 
with it. Thus the removal of blood-sugar would depend largely on peripheral 
utilisation. In the last two experiments there did not occur any significant 
change in the liver-glycogen, the sum of the two controls being 2*95 g. and in 
the insulinised animals 3-07 g.; so that if we accept the idea that insulin 
^‘blocks” the release of glycogen we must also be prepared to consider, in the 
fed animal, the probability of a factor relating to the regulation of absorption, 
because the gut in the fed animals was full of carbohydrate and other food in 
process of digestion. It seems reasonable to suppose that when the liver- 
glycogen reaches a certain level it is impossible to raise it further, so that the 
glycogenic function would become a self-limiting process. Insulin acting in 
these circumstances would block the outward delivery of sugar and the liver 
itself would inhibit any further uptake of carbohydrate from other sources. 
The probable existence of a limiting glycogen content in the liver, characteristic 
for each animal, can be demonstrated by an experiment using rabbits fed on 
a diet containing an excess of carbohydrate for varying periods. The following 
was such an experiment. 

Exp. 10. Seven adult rabbits were used. Two were kept as controls on their 
usual diet of bran, oats and green vegetables. The remaining five were given 
carrots and greens for the periods indicated. They were then killed and the 
livers and muscles analysed for glycogen and fat. The fat was estimated to see 


if the excessive 

carbohydrate 

was perhaps 

stored 

as fat. 



Glycogen (%) 

_ A 

Fatty acid (%) 

No. of 
days on 






No. 

Liver 

Muscle 

Liver 

Muscle 

carrots 

1 

2-60 

0-40 

— 

1-65 

Control 

2 

040 

0*26 

4-03 

2-02 


3 

6*30 

0-41 

2-75 

1-49 

2 

4 

11-29 

005 

2-07 

1-29 

7 

6 

7-54 

0-21 

2-74 

1-31 

12 

6 

4-90 

0-11 

2-62 

1-68 

15 

7 

8-60 

0-06 

2-68 

1-20 

31 
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We take these figures to show that on such a diet the liver-glycogen cannot 
be made to exceed about 11%, and although we have not yet tried this in adult 
rabbits we think that the injection of insulin would not bring about any higher 
level than this. The view, then, put forward is that the absorption of sugar 
from the gut or the formation of sugar by gluconeogenesis is governed by the 
amount of glycogen already present in the liver. Insulin, by ‘docking” the 
liver-glycogen, tends to prevent both the processes of absorption and of glu¬ 
coneogenesis. It is not, we suggest, the insulin as such which does this, but 
it is the result of the accumulation of glycogen. We conceive that it is the 
actual presence of the colloid glycogen which imposes a self-limiting action on 
the liver. 

On this view the action of insulin might be explained as due to two factors: 
(a) the blockage of carbohydrate in the liver, and (6) the self-limiting mechanism 
of the liver. 

Let us consider briefly the application of this view to the cases of (1) the 
starving animal, (2) the fed animal, and (3) the diabetic. 

(1) The starving animal, with its small amount of glycogen in the liver, 
keeps up its blood-sugar by absorption from the gut and later by gluconeo¬ 
genesis from protein and fat (the evidence for the latter source of carbohydrate 
is doubtful and will be the subject of a further communication). The endogenous 
internal secretions of the pancreas, thyroid and adrenal control this process 
so that an optimum balance is struck, conserving the body tissues as far as 
possible. Insulin given to such an animal blocks the release of carbohydrate 
from the liver, but offers no obstruction to absorption and gluconeogenesis, 
because the liver-glycogen is still far from the limiting value. The result is a 
large rise in liver-glycogen. And, as we have seen, this occurs even when 
adrenaline is acting strongly. The necessary and sufficient condition for this 
action of insulin is a healthy liver. 

(2) In the animal which already possesses a high liver-glycogen the dis¬ 
charge of sugar into the blood is as steady as and not at a much higher level 
than in the starving animal. This discharge is obviously not accompanied by 
an equal replenishment, otherwise the liver-glycogen would not fall as we know 
it does. This, in our view, is due to a limitation of absorption and stoppage of 
gluconeogenesis. In such an animal insulin, although blocking the discharge 
from the fiver, does not secondarily bring about much change in the liver- 
glycogen, because the high glycogen content has imposed the self-limiting 
process on the liver. Thus the animal goes into hypoglycaemia much more 
slowly, since the disappearance of peripheral sugar will depend mostly on 
peripheral utilisation. This continues until the animal may die in convulsions 
without liberation of sugar from the liver. 

(3) In the diabetic subject absorption of carbohydrate goes on rapidly 
from the gut because of the low glycogen values in the liver and the loss of 
blockage power, due to the deficiency of insulin. Gluconeogenesis proceeds at 
a rate which is much greater than in the starving animal because of the loss 
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in conserving power. The r.q. is low because of the high degree of gluconeo- 
geneais counterbalancing the high r.q. of carbohydrate utilisation. The height 
of the R.Q. under any circumstances must be the algebraic sum of these pro¬ 
cesses. Insulin, provided the liver cells are not damaged and are capable of 
elaborating glycogen, blocks the discharge of carbohydrate from the liver, the 
liver-glycogen increases until as a consequence excessive absorption is stopped 
and gluconeogenesis is inhibited. The r.q. now rises because the latter process 
is controlled. The condition for effective action is again the condition of the 
liver cells. 

The whole problem, therefore, resolves itself into how insulin “blocks” 
the liver-glycogen. 

There does not appear to be any evidence that insulin increases metabolic 
rate more than can be brought about by normal effective metabolism. It has 
always seemed anomalous that the diabetic should have a more or less normal 
metabolic rate, and that even when his metabolic processes are controlled by 
means of insulin the total metabolism show’s no significant increase. This, it 
seems to us, can only be explained by a readjustment of the partition of energy 
among fat, protein and carbohydrate, which comes about by prevention of 
uncontrolled release of carbohydrate from the liver and the consequent 
depression of gluconeogenesis. 


Summary. 

1 . Young rabbits, 6 to 10 weeks old, of the same litter, are well adapted to 
comparative experiments with insulin. When starved for 24 hours they show 
a very satisfactory uniformity in their liver-glycogen. The average of twelve 
such animals from various litters was 50 mg. glycogen per liver. 

2 . Comparing the glycogen content of such rabbits, starved for 24 hours 
and treated with insulin, with that of controls from the same litter, there 
invariably occurred a very large rise in liver-glycogen. The average for twelve 
such animals was 237 mg. 

3. Young rabbits treated with insulin may die in hypoglycaemic convul¬ 
sions and still possess a very much increased liver-glycogen and a very con¬ 
siderable muscle-glycogen. 

4. Adrenaline, whilst relieving hypoglycaemia, does not interfere with the 
essential action of insulin in increasing liver-glycogen. 

5. Light ether anaesthesia relieves the convulsions due to hypoglycaemia. 
During continuous deep anaesthesia insulin cannot bring about the usual very 
large increase in liver-glycogen. This is considered to be due to a toxic action 
on the liver cell. 

6 . The hypoglycaemic a nim al is very susceptible to strychnine and dies 
in a very much shorter time than the normal animal. Continuous strychnine 
convulsions can prevent the typical action of insulin in promoting an increased 
glycogen content of the liver. 

Bioofaem. 1929 xxm 
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7. In the fed animal insulin does not bring about an increase in liver- 
glycogen and the animal goes into hypoglycaemic convulsions with large 
quantities of glycogen in the liver. Muscle-glycogen is definitely lowered. 

8 . These results are discussed and a theory of insulin action is suggested, 
viz. that the immediate effect of insulin is to inhibit the release of liver-glycogen. 
All other effects are regarded as secondary to this. The application of this view 
to certain cases is discussed. 

It is a pleasure to express my gratitude to Prof. Hugh MacLean for his 
advice and encouragement. 
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XIV. AN APPLICATION OF THE METHOD OF 
HAGEDORN AND JENSEN TO THE DETER¬ 
MINATION OF LARGER QUANTITIES OF 
REDUCING SUGARS. 

By CHARLES SAMUEL HANES 
{Junior Scholar of the Exhibition of 1851). 

From the Botany School, Cambridge. 

{Bex^eived December 31st, 1928.) 

The method of Hagedorn and Jensen [1923] has become widely used for the 
estimation of reducing sugar in blood. The method depends upon the fact 
that potassium ferricyanide is reduced to ferrocyanide when heated in alkaline 
solution with certain reducing substances. In the Hagedorn and Jensen pro¬ 
cedure the ferrocyanide formed in this way is preci})itated as the double 
potassium zinc salt, and the residual ferricyanide is estimated by adding an 
excess of potassium iodide and acidifying. The ferricyanide is reduced quan¬ 
titatively by the iodide, and equivalent iodine is liberated according to the 
equation: 

2 H 3 Fe(CN)e f 2HI -- 2H,Fe(CN)e + I^. 

The iodine is titrated with thiosulphate. 

This method based on ferricyanide as the substance reduced has an 
inherent advantage over copper methods which will be referred to later. In 
the original form it was devised for estimating the reducing sugar in the 
filtrates from 0*1 cc. samples of blood. The capacity is accordingly very Small, 
the upper limit being 0*385 mg. of glucose. Small volumes of solutions are 
used, and the essential reactants are present in low concentration so that the 
introduction of impurities may cause relatively large errors. For the purposes 
of my own work the range of the original method was inconveniently narrow, 
and the present modification makes possible the estimation of about ten times 
as much«ugar. The new procedure has been standardised for maltose as well 
as for glucose. No essential change from the original method has been made, 
except as regards the concentrations and volumes of the various reagents 
employed. 

The following solutions are used in the modified method. The chemicals 
used were of the Analytical Reagent’' quality, as supplied by the British 
Drug Houses, Ltd., unless otherwise stated. 

Solxdidn A. 

Potassium ferricyanide . 8-25 g. 

Anhydrous sodium carbonate ... 10*6 g. 
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Make up to 1 litre with distilled water. This solution should be kept for 
2 or 3 days before use and it must be stored in a bottle provided with an 
opaque jacket. In making the solutions for the standardisation data the 
potassium ferricyanide was twice recrystallised but as no significant difference 
is found when the untreated “A.K.’' product is used, this is not considered 
necessary. 

Solution B. 

Potassium iodide . 12*5 g. 

Zinc sulphate . 25*0 g. 

Sodium chloride. 125-0 g. 

Make up to 500 cc. with distilled water. Traces of iodine appear in this 
solution on storing. This iodine should be removed before using by filtering 
through two thicknesses of filter paper. 

Solution C. 

5 cc. glacial acetic acid, diluted to 100 cc. with distilled water. 

Solution D. 

Soluble starch solution, saturated with sodium chloride. 1 g. Merck’s 
soluble starch in about 20 cc. cold water is washed into 60 cc. of boiling water. 
This is boiled for 2 minutes, 20 g. sodium chloride are added and the solution 
is allowed to cool. It is then made up to 100 cc. This solution keeps for 
several months. 

Solution E, 

An approximately A/Tb sodium thiosulphate solution which is used in a 
10 cc. burette, graduated into 0*02 cc. divisions. In practice it is found con¬ 
venient to make up about 10 litres of this solution (containing 3*33 g. sodium 
thiosulphate per litre) using boiled-out water. It is then stored in a bottle, 
protected from atmospheric carbon dioxide by a soda-lime tube, and the 
solution is run through a siphon to the burette. When stored in this way the 
solution keeps well. At first it should be standardised each day but after the 
first week it need only be standardised at intervals of 3 or 4 days. 

The thiosulphate solution is most conveniently standardised jgainst a 
potassium iodate solution. This solution is made up by weighing out carefully 
a quantity of about 0*80 g. of desiccated potassium iodate and making it up 
to a volume of 1 litre in a volumetric flask standardised at the temperature 
“obtaining. A 5 cc. pipette of slow delivery is standardised by weighing four 
or five deliveries of water at a known temperature. (The tip should, of course, 
be drained against the side of the collecting vessel for a standard time.) 
With this pipette 5 cc. of the standard iodate solution are run into^a boiling- 
tube. To this are added 6 cc. of a 2 % solution of potassium iodide and then 
it is acidified by the addition of 3 cc. of 5 % acetic acid (solution C). The iodine 
liberated is titrated with the thiosulphate solution, adding a drop of the 
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starch solution D when the colour becomes a pale yellow, and titrating to the 
disappearance of the blue colour. The volume of thiosulphate required when 
the normality is 0-01333 (A/75) is about 9 cc. The value for the normality is 
found from the expression 

g. K iodate per litre x vol. of pipette (cc.) 

35 07 X vol. of thiosulphate required (cc.) 

The results from this method were found to give exact agreement with the 
method described by Cole [1928] in which the thiosulphate is standardised 
against a standard acid. 

Procedure for determination op sugar. 

The estimations are carried out in boiling-tubes, 1x7 in. Glass bulbs 
with about an inch of tubing left attached are used as covers for the boiling- 
tubes. 

5 cc. of solution A (alkaline ferricyanide) are pipetted into a boiling-tube, 
allowing the pipette to drain a standard time. To this are added 5 cc. of the 
solution whose reducing power is to be determined. (Note: if less than 5 cc. 
is added, sufficient water is added to make up the difference in volume.) 
A water blank is now made up by pipetting 5 cc, of solution A into a second 
tube and adding 5 cc. of distilled water. It is important that any drops of 
liquid adhering to the walls of the tubes should be mixed in, and this is best 
done by inclining the tube and slowly rotating it. 

The tubes are now covered with glass bulbs and placed for 15 minutes in a 
boiling water-bath 2 or 3 in. deep. After this they are cooled for 3 minutes in 
cold running water. 

The remaining operations are concerned with the estimation of the residual 
ferricyanide. 5 cc. of solution B are added. This is conveniently run in from 
a rapid pipette as the volume need not be precise. A white flocculent pre¬ 
cipitate appears and at the same time iodine is set free. 3 cc. of solution C are 
now added (also from a rapid pipette). The reduction of the ferricyanide is 
now completed and the iodine liberated is titrated against the standardised 
thiosulphate. 

The titration is carried out in the same boiling-tube. Mixing during the 
titration is effected by shaking the tube with a circular motion. The titration 
should be carried out in a regular manner. Thiosulphate is run in slowly until 
the liquid has a pale yellow colour; 3 drops of the starch indicator are then 
added and thiosulphate is added drop by drop until the sudden disappearance 
of the blue colour^ The end-point is very sharp and it is advantageous to fit 
the burette with a fine tip which has been coated with paraffin wax as this 
makes the drops smaller and prevents the thiosulphate from wetting the tip. 

^ An overshot” end-point may be regained by adding counted drops of iodine (about 
iV775 in KI) from a fine dropping pipette until the blue colour returns, titrating to the end¬ 
point with thiosulphate, and deducting from the reading the thiosulphate equivalent of the 
^dded iodine which is found by repeating the operation. 
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The difference between the water blank value (WB) and the reading ob¬ 
tained with the experimental solution (R) gives the thiosulphate equivalent 
of the ferricyanide reduced by the experimental solution. These reduction 
values have been determined for different amounts of added reducing sugars, 
maltose and glucose, and the results are shown in the standardisation graph, 
Fig. 1. For convenience in calculation the results are given in terms of A/100 
thiosulphate, although approximately A/75 is used in the titration. Thus if 
the normality of the thiosulphate used for a particular estimation is 0-01351, 
then the A/100 thiosulphate equivalent of the ferricyanide reduced is 
(WB -- R) X 0*01351 cc. The amount of sugar corresponding to this reduction 
is either read from the graph, or in the case of maltose it may be calculated 
from a factor. 

In practice the water blank value need be determined only once or twice 
a day. Estimations can be done conveniently in batches of five or six and in 
this way it is possible to make 18 estimations an hour when facility in the 
technique has been acquired. 



cc. iV/lOO thiosulphate equivalent to ferricyanide reduced (WB - R) 

Fig. 1. 

The heating period for reduction. 

In order to follow the reduction after different periods of heating, five 
boiling-tubes were set up each containing 5 cc, of solution A and 5 oc. of a 
maltose solution containing 2*5 mg. These were placed in the boiling water- 
bath and allowed to remain for 5, 10, 15, 20, and 30 minutes respectively. On 
removal each tube was cooled for 3 minutes and the residual ferricyanide was 
estimated in the usual way. The results are given in Fig. 2 in which the 
amoimts of ferricyanide reduced (WB — R) are plotted against time of heating. 
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It is evident that during the first 15 minutes most of the reduction has taken 
place. Actually the ferricyaiude reduced at 20 minutes is only 1*5 % more 
than at 16 minutes (with this amount of sugar present). The 16-minute period 
was adopted as the standard heating time. 

The standardisation oraphs. 

Maltose. 

The maltose used was a sample of Kahlbaum’s pure maltose which had 
been recrystallised three times from GO % alcohol and then dried in warm 
air. For this specimen I am indebted to Mr S. W. Cole of the Biochemical 
Institute, Cambridge. When dried in vacuo over concentrated sulphuric 
acid for 2 hours the sugar lost 0-1 % in weight. The optical activity was 
M fl -f 130*7° using a solution of about 9 %. This falls within the range of 
published values for maltose monohydrate, although it is somewhat greater 
than the average given by Tollens [1914] as + 129°- 130°. 



Fig. 2. 

Owing to the difficulty of preparing anhydrous maltose, this was not 
attempted, but the data have been obtained from the hydrate and calculated 
in terms of the anhydrous sugar by multiplying weights of the hydrate by 
the factor 342/360. 

Maltose solutions of known strength were prepared by weighing out 
quantities of the sugar and making up to a known volume in a standardised 
volumetric flask. A set of standardised Ostwald pipettes, from 0*5 to 5*0 cc. 
capacity was used to measure out portions of these solutions into boiling- 
tubes containing the standard 5 cc. of solution A, and the amount of ferri- 
cyanide reduced after 16 minutes’ heating was determined in the way described. 
These data have been used to construct the standardisation graphs (Fig. 1), 
The reliability of the procedure may be seen from the fact that the points 
which were obtained from three different maltose solutions all lie very nearly 
on the same line. The experimental data on which these points are based are 
given in an appendix. 
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In the case of maltose the relationship between ferricyanide reduced and the 
amount of sugar is a linear one. 1 cc. of N/lOO thiosulphate is equivalent to 0*414 
mg. anhydrous maltose over the entire range and it is therefore convenient to 
employ this factor for the conversion of reduction values (WB ~^R) into maltose. 

Glucose, 

The glucose used was a sample of ^‘Dextrose A.R.” (British Drug Houses). 
It was desiccated in vacuo over concentrated sulphuric acid for 48 hours by 
which time it was found to have attained a constant weight. The specific 
rotation of this desiccated sugar was -f 52*2^ in a 10 % solution. 

Theoretical value for anhydrous glucose -f 52*5®. 

The glucose standardisation data were obtained as for maltose. The 
points from three solutions lie very nearly in the same line, but the relation¬ 
ship is not linear here as it is for maltose. This difference between the two 
sugars was investigated. The reduction progress curves for small and large 
amounts of glucose or maltose have different forms. When plotted as per¬ 
centages of the reduction after 30 minutes’ heating against time of heating, 
the curves intersect: those for maltose at 15 minutes, for glucose at 10. 
Consequently after the standard heating (15 minutes) the reduction by 
maltose is proportional to the maltose added, but this is not so for glucose 
since at 15 minutes the percentage progress curve for a small amount of 
sugar lies below the curve for a large amount. For glucose then, reduction 
values are most conveniently converted into sugar values by reading from a 
graph. Table I gives figures for constructing this. 


Table I. The glucose standardisation graph. 


Mg. glucose 
0-20 
0-50 
0-80 
100 
1*60 


cc. xV/100 
thiosulphate 
0*68 
1*46 
2*32 
2*91 
4*40 


Mg. glucose 
2*00 
2*50 
3*00 
3*60 
8*80 


cc. V/100 
thiosulphate 

7*38 

8*93 

10-65 

11*53 


Note. These figures have been read at convenient intervals from a large scale graph of the 
exj)erimental data (Fig. 1). 


The stability of the alkaline febricyanide (solution A). 

It was thought important to investigate the keeping qualities of solution A 
in view of the fact that certain authors have suggested that the alkaline ferri¬ 
cyanide solution of the original Hagedom and Jensen method should not be 
kept long. One modification of the original method has been proposed in 
which the ferricyanide and the alkali are made up separately, to be mixed 
immediately before the estimation (Pattersen, quoted by Cole [1928]). Accord¬ 
ingly lots of solution A were made up at difEerent times and stored in black- 
jacketed bottles at room temperature, to be compared at a later date. The 
results are given in Table 11 for the reducrag values found for 5 cc. of a maltose 
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solution containing 3*86 mg. maltose, using these solutions. The change after 
the second day is very slight and it must be concluded that storing the solution 
for 3 months causes practically no deterioration. During the first 2 days 
of storage, however, there seems to be an appreciable change in the 
reduction, solution A should therefore be prepared 2 or 3 days before using. 
The solution A used in the standardisation estimations had been made up 
6 to 10 days. 

Table IL 

Values in cc. 0*01290 N thiosulphate 


Time of storing; 
solution A 

(a) Water blank 

{()) With 3*86 mg. 
maltose 

(c) Thiosulphate equi 
valent of reduced 
ferricyanide 

10 min. 

9*59 

2*39 

7*20 

2 hrs 

9*61 

2*40 

7*21 

2 days 

9*61 

2*.32 

7-29 

8 

9*64 

2*34 

7*30 

28 „ 

9*60 

2*35 

7*25 

34 „ 

9*54 

2*21 

7*33 

90 „ 

9*63 

2*30 

7*33 


The effect of dissolved oxygen. 

I have found previously^ that when copper methods are used a consider¬ 
able error may be involved in estimating the reducing power of sugar solutions 
with different amounts of dissolved oxygen. Thus, with the Shaffer and 
Hartman micro-method, two samples of the same sugar solution, one free 
from oxygen and the other saturated with oxygen, give reducing values 
differing by as much as 25 %. The lower the concentration of dissolved oxygen, 
the higher becomes the reducing value obtained. This was shown to be due to 
the re-oxidatidn of cuprous to cupric copper by dissolved oxygen in the early 
stages of the reduction heating. 

The Hagedorn and Jensen method (and the present modification) are found 
to be entirely free from this defect, as is shown in the following data, which 
were obtained by taking two portions of a solution of maltose, saturating one 
with oxygen by bubbling the gas through it and washing the other with a 
stream of pure nitrogen. The reducing values were then determined. 


Mg, 7 naltose found in 5 cc, sample. 



{a) Free 

{b) Saturated 


from oxygen 

with oxygen 

Solution 1 

4*05 

4*02 

2 

1*54 

1*54 


Since the values found are very nearly the same it is evident that there is no 
appreciable re-oxidation of the ferrocyanide by dissolved oxygen under the 
conditions of the procedure. It is much safer, therefore, to use a ferricyanide 
method when dealing with solutions whose oxygen equilibrium may have been 
disturbed hf any previous treatment such as boiling, filtering under reduced 
pressure, or washing with a gas stream other than air. 

^ Hitherto unpublished. 
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The effect of the presence of starch. 

The present method wavS worked out primarily for the purpose of following 
the progress of sugar production during the hydrolysis of starch; it was 
necessary therefore to find out whether the presence of an excess of starch 
interfered with the final iodine titration. It is found that although the titration 
is slightly more difficult in that there is a tendency to overshoot the end* 
point, a little practice overcomes this difficulty. The stirring must be more 
vigorous and towards the end of the titration the thiosulphate must be added 
more slowly. Experiments were done in which known amounts of maltose 
were added to solutions of soluble starch and amylose of various concentra* 
tions. The latter were undialysed and had small reducing powers themselves. 
Values found for added maltose, subtracting the reduction due to the starch 
or amylose, were in all cases in close agreement with the amounts added. 

Summary. 

The range of the Hagedorn and Jensen sugar method has been extended 
to enable the estimation of about ten times the amount of reducing sugar. 
The solutions and procedure Jor the modified method are described and 
standardisation data are given for glucose and maltose. An important ad¬ 
vantage over copper methods is pointed out in the fact that variations in the 
amounts of dissolved oxygen in sugar solutions do not affect the reducing 
values arrived at by the ferricyanide method. 

In conclusion I wish to express my thanks to Mr S. W. Cole of the Bio¬ 
chemical Institute, Cambridge, for his very generous help and criticism. 
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APPENDIX. 

The standardisation data. 

Water blank values: 9-62, 9-63, 9-626, 9-605, 9-61-5, 9-61, 9-62, 9-61, 9-62 ce. 
Thiosulphate used: 0 012W N. 

Mg. glucose 3-71 3-39 3>08 2-49 2-06 1-50 1-26 0-829 0-749 0-622 0-414 0-213 

Ferricyanide 9-72 7-90 7-11 6-69 4-64 3-42 2-83 1-83 1-69 1-39 0-88 0-46 

reduced* 

(WB-R) 9-68 7-92 7-12 5-70 4-64 3-40 2-83 1-84 1-69 1-37 0-89 0-48 

Mg. maltose 4-86 4-44 3-93 3-86 3-13 2-47 1-96 1-89 1-56 0-980 0-780 0-382 0-197 

Ferricyanide 9-12 8-29 7-40 7-32 6-86 4-65 3-69 3-69 2-92 1-81 1-46 0-70 0-39 

reduced* 2-94 

(WB-R) 9-09 8-28 7-39 7-31 6-92 4-66 3-69 3-57 2-92 1-82 1-47 0-71 0-37 


♦ Expressed in terms of oc, of 0-01290 N thiosulpbate. 
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In an investigation now being carried out by E. M. Hume at the Lister In¬ 
stitute, the unsaponifiable matter of the lipoid substances extracted from 
spinach leaves was being prepared by her to supply the vitamin A in a certain 
diet. During the course of this preparation we noticed that a white crystalline 
substance readily separated when this unsaponifiable matter was being taken 
up with hot alcohol, and w^e therefore decided to investigate its nature. 

Method of preparation. The spinach leaves were dipped for a few seconds 
into boiling water before drying at 37*^ under a fan. The preliminary dipping 
expels air from the tissue and leaves so treated are crisp and green when dry. 
They were then powdered and extracted with light petroleum (b.p. 40-60"^) 
at the laboratory temperature, being shaken for part of the time of each 
extraction. The petroleum was removed by evaporation and the residue dried 
to constant weight, dissolved in ether and a 5 % alcoholic solution of sodium 
ethoxide added. After standing overnight part of the alcohol was removed 
by evaporation, water added and the aqueous solution extracted with ether; 
an orange brown substance was obtained from this ethereal extract. Working 
in this manner, 2 kg. of spinach gave 230 g. of dried leaf tissue and, after this 
had been eleven times extracted, each time with 2 litres of light petroleum, 
18-4 g. of lipoid substance were separated containing 4-6 g, of unsaponifiable 
matter. The latter is an orange brown solid giving with concentrated sulphuric 
acid the blue colour characteristic of carotene. The sterol content was deter¬ 
mined by precipitation with digitonin, and was found to be less than 5 %. 
The sterol was removed from the rest of the unsaponifiable matter and the 
residue taken up with hot alcohol. On cooling yellowish white plates separated 
from the orange-coloxired solution: after two or three crystallisations they 
were obtained as glistening white plates, m.p. 68-68-5''. The substance was a 
hydrocarbon containing 85-1 % C and 14-6 % H (micro-analysis). From these 
data the substance was identified as the hentriacontane, C 3 j^He 4 , originally 
prepared by Krafft [1882]. 

If green cabbage leaves are worked up similarly, the crystals separating 
from the hot alcoholic solution of the unsaponifiable matter melt at 72 to 
75^^ and analysis shows that they contain about 5 % of oxygen. From these 
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a small amount of crystals melting at 68° was isolated, the melting point of 
which was unchanged when the crystals were mixed with the hentriacontane 
obtained from spinach. In cabbage leaves therefore the hentriacontane is 
accompanied by an oxygen-containing substance which is not present in . 
spinach and which is now the subject of further investigation. The occurrence 
of these saturated normal hydrocarbons in green leaves is of some interest. 

A survey of the literature shows that three of them, containing 27, 31 and 35 
carbon atoms, have been definitely identified in green leaves. These were 
originally prepared by Krafit [1882] by heating the barium salts of the fatty 
acids and reducing the resulting ketones with hydrogen iodide and phosphorus. 
CnH 2 „+i.COO.Ba.OOC.C„H,,+i -> + BaCO^ 

From mjTistic, palmitic and oleic (or stearic) acids, the acids most commonly 
occurring in plant fats, the hydrocarbons which would be produced by the 
above reactions are those containing respectively 27, 31 and 35 carbon atoms. 
The following table shows their occurrence in plants. 



^aill64 


Heptacosane 

M.p. 59*5° 

Hentriacontane 

Pentatriaeontane 

M.p. 

M.p. 76^ 

C = 86‘2% 

C = 85'2 % 

C .= 8r>-3 '’0 

H=:14-8% 

H:=14*8 % 

H=:14*7% 

Leaves of tobaccotJ 

Occurrence 

Beeswax* 

Leaves of tobaccotJ 

Seeds of Ko-Sam§ 

Leaves of Gymnema »ylvestre\[ 

„ Grinddia robtista^ 

„ Morinda longiflara** 

„ JErodyction'\'\ 

„ olivett 

Bark of olive§§ 

Leaves of spinach 
„ cabbage 

Leaves of Erodyction-\’\ 
Leaves of olivets 


* Schwalb [1886]. t Thorpe and Holmes [1901], J Mabery [1906]. § Power and Lees 
[1903]. j| Power and Tutin [1904]. ^ Power and Tutin [1905]. ** Barrowoliff and Tutin [1907]. 
ft Power and Tutin [1906]. Power and Tutin [1908, 1]. §§ Power and Tutin [1908, 2]. 

Two of the richest sources of vitamin A are found in the unsaponifiable matter 
obtained respectively from green leaves and from fish-liver oils and it is 
interesting that there is a certain parallelism between the constituents occur¬ 
ring in them. 

Both contain (1) a highly unsaturated hydrocarbon, (2) products which 
may be regarded as obtained from the higher fatty acids by processes of 
condensation and reduction, and (3) sterols. The first of these is represented 
in the leaf material by the hydrocarbon carotene, containing 11 ethylenic 
linkages [Kuhn and Winterstein, 1928]: in the liver oil by squalene with six 
unsaturatfed linkings (or by similar unsaturated hydrocarbons). Both these 
hydrocarbons are built up from a number of isoprene units, ahd show con¬ 
siderable resemblance [Chapman, 1923; Heilbron, Kamm and Owens, 1926]. 
The second constituent is represented in the leaf by the high normal saturated 
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hydrocarbons enumerated above, in the liver oil by the batyl, selachyl and 
chimyl alcohols which are now known to be condensation products of glycerol 
with the higher fatty alcohols corresponding to stearic, oleic and palmitic 
acids [Heilbron and Owens, 1928]. Although the available evidence is against 
the identification of any of these substances as the active agent [Dnimmond, 
Channon and Coward, 1925], the existence of a certain similarity of com¬ 
position in these two materials obtained from such widely different sources, 
both rich in vitamin A, is not without interest. 

We desire to acknowledge our indebtedness to Dr Morgan who carried out 
the micro-analyses for us, and to the Department of Scientific and Industrial 
Research for the grants which have made the work possible. 
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Introduction. 

The biochemical action of the saprophytic and parasitic fungi which cause 
decay of lignified tissues is very little understood at the present time. It is 
usually stated in mycological literature that the action of the fungal hyphae 
is to cause delignification of the lignocellulose complex by removal of the 
lignin and to leave a residue of cellulose. These results have been mainly 
attained by the study of microchemical tests on sound and decayed wood, and 
no systematic investigation has been made on a macroscopic scale. 

Microchemical reactions applied to wood as specific tests for the presence 
or absence of either lignin or cellulose are of little value, as the characteristic 
reactions (mainly colour changes) are due to small amounts of impurities in 
the tissue. 

It is well known that wood-destroying fungi are rich in enzymes, and as 
many as a dozen have been reported from a single species. The early investiga¬ 
tions of Czapek [1899] showed that greatly increased quantities of hadromal 
(coniferyl aldehyde) could be extracted from wood that had been attacked 
by fungi, and he assumed that they contained an enzyme, hadromase, which 
split a supposed ether-linkage between the hadromal and cellulose. Somewhat 
similar results were obtained by Zeller [1916] who isolated an enzyme extract 
from the mycelium of Lenzites saepiaria which was fouhd to act on a substrate 
of the sapwood of Pinm echinata, and an alcoholic extract of the residue gave 
the phloroglucinol reaction. He proposed the name lignase for Czapek’s 
hadromase. 

The investigations of Hartig [1900], based on colour changes with micro- 
chemical reagents, showed that the parasites Polyporus vaporarius, P. sul- 
phureus, and the saprophyte Merulius lachrymans removed cellulose from wood 
and left a residue of wood-gum, while Trametes pini was found to remove 
lignin and leave pure cellulose. After the loss of lignin, the middle lamella 
(which was assumed to be composed of pectin) dissolved and left isolated 
trachoids. This latter resullj is obviously incorrect, as we now know that the 
middle lamella is composed largely of lignin. 

The arguments advanced by Hartig and the majority of subsequent 
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investigators that decayed wood consists of pure cellulose are based upon 
staining the residue of this wood with 7>inc chloroiodide—a very unsafe 
standard. Other workers have also stated that members of the Polyporaceae 
remove lignin from wood, leaving cellulose. Lindroth [1904J found that the 
phloroglucinol reaction disappears first in decayed wood and then the Maule 
reaction also disappears. As the red colour given by wood with phloroglucinol 
and hydrochloric acid disappears, the colour reactions for cellulose become 
more intense, until finally pure cellulose is indicated. 

Again, Marshall Ward [1897] by the study of colour changes with micro¬ 
chemical reagents came to the conclusion that the action of Sterium hirsutum, 
which attacks Aescuhis (Chestnut), is to destroy the lignin and leave the 
cellulose. Ward, however, was unable to isolate any enzyme capable of causing 
delignification. 

The evidence for the production of cellulose by Trametes pini is founded 
on stronger grounds than any of the investigations discussed above. Johnson 
and Jjce [1923] found an increase of 15 % in cellulose and a decrease of 30 % 
in lignin in wood attacked by this fungus. 

The first complete examination of decayed wood (Douglas Fir) was made 
by Rose and Lisse [1917]. Unfortunately the fungus that produced the decay 
was not identified. There was a marked increase in the solubility of the decayed 
wood in alkali and a decrease in the amount of cellulose, pentosans and acetyl 
groups, while the methoxyl content was increased. 

From the conflict of evidence on this subject it was considered of interest 
to carry out an investigation of wood attacked by Menilius lachryrnans, 
using modern methods of cellulose analysis. Spruce-wood {Picea excelsa) was 
chosen for the experimental work as its constants are well known and form the 
requisite standard of comparison for the experimental data. Only completely 
decayed wood was used to study the action of the fungus. 

The action of Merulius ladirymans on timber is too well known to need 
detailed description. The wood loses weight and is converted into the so-called 
touch-wood, which powders easily to give a brown dust. 

It was found that the decayed spruce-wood gave Ditz’s test for oxycellu- 
lose. A small amount of the wood was suspended in water and methyl orange 
was added to colour the water yellow. On addition of a few cc. of a saturated 
solution of sodium chloride, a wine-red colour was developed at once. Sound 
wood did not give the reaction. A red colour was produced with phloroglucinol 
and hydrochloric acid. The decayed wood rapidly reduced Fehling’s solution, 
whereas sound wood only brought about reduction after prolonged boiling. 
Similar results were obtained with decayed beech-wood (hard wood) which 
had been attacked by Af. lachrymans. 47-2 % of the decayed wood was 
soluble in a 5 % solution of sodium hydroxide. The ash-content was 1*07 % 
and the natural moisture 13*4 %. The technique in general employed was that 
elaborated by Dore [1920], and in Table I a comparison is made of the values 
obtained for sound and decayed spruce. 
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Table I. Comparison of sound and decayed' spruce. 



Sound wood 

Decayed wood 


/o 

o/ 

/o 

Extracted by benzene ... 

1-7 

1-55 

,, alcohol 

10 

9-46 

„ water 

2-5 

5-43 

„ 5 % NaOH 

3*8 

30-30 

Cellulose ... 

550 

11-90 

Lignin 

280 

43-00 

Mannan ... 

7-6 

0-00 

Galactan. 

01 

0-00 


100-3 

101-64 

Ash-content 

0 86 

1-07 

Natural moisture 

10-0 

13-40 


(All analyses are calculated on ash-free material dried at 105°.) 

An examination of the figures shows that a decrease of 60 % has occurred 
in the cellulose, while the lignin has increased by 57 %. It was found in the 
course of the analysis of the cellulose that the lignin in the wood had in some 
way been altered. When the wood was placed in chlorine gas to chlorinate the 
lignin prior to its removal by boiling with sodium sulphite solution, instead 
of the usual goldemyellow colour being formed, the whole niass turned a dull 
brick-red. A further point in this connection is the complete removal of the 
hexosans, mannan and galactan. The portion soluble in 5 % sodium hydroxide 
solution (after removal of the fractions soluble in benzene, alcohol and water 
respectively^) represents, in part at any rate, the hemicellulose components of 
the wood. These bodies are soluble in dilute caustic alkali and are readily 
hydrolysed by acids. They contain "‘uronic” acids of the type of galacturonic 
acid [Nanji, Paton and Ling, 1925], as well as pentose and hexose residues. 
It has been shown by O’Dwyer [1926] that the hemicellulose fraction of beech- 
wood consists of two substances, hemicellulose A, which is precipitated from 
alkaline solution by acid, and hemicellulose B, soluble in water but insoluble 
in alcohol. Hemicellulose A contains xylose and 11 % of glycuronic acid, 
whereas hemicellulose B contains arabinose and 63^% of galacturonic acid as 
well as small amounts of galactose. Dor6e and Barton-Wright [1927] have also 
shown that two hemioelluloses are present in spruce-wood. That a part at least 
of the sodium hydroxide-soluble fraction of decayed wood consists of hemi- 
celli;iloses was indicated by the presence of increased amounts of uronic acids. 
These on distillation with l2 % hydrochloric acid do not give a quantitative 
yield of furfural; but the carbon dioxide evolved by the decarboxylation of 
their carboxyl group affords an exact measure of their amount. The yield of 
uronic acid from the good wood was 2*688 %, and from the decayed wood 
4*84 %; an increase of 82 %. The greater part of the alkali-soluble fraction 
was precipitated by the addition of acetic acid, and the remainder, after con¬ 
centration, by adding alcohol [cf. d’Dwyer, 1926]. The increase in solubility 
of the decayed wood in NaOH solution compared with that of sound spruce 

1 The total of the values found for the henzene, alcohol, water and 6 % sodium hydroxide 
extract (47*2 %) agrees well with the solubility of the wood in 5 % sodium hydroxide alone 
{46‘71 %), without preliminary extraction with organic solvents and water. 
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is very high and cannot be entirely accounted for by the presence of hemi- 
celluloses. It is possible that the remainder of the alkali-soluble fraction is 
composed of the metabolic products of the fungus and the contents of the 
fungal hyphae. 

Comparison of the figures for the rnethoxyl content of sound and decayed 
wood shows an increase in the latter of 77 % (sound wood, OMe -- 5-44 %; 
decayed wood, OMe 9*fi7 %). A small part of the rnethoxyl content is 
located in the hemicellulose fraction [see O’Dwyer, 1928], while the rest 
occurs in the lignin. 

We have obtained evidence (which we hope to publish in a later communica¬ 
tion) that the major part of the alcohol extract is composed of lignin. It is 
possible that it is of the nature of the metalignin isolated by Doree and Barton- 
Wright [1927], which has the molecular composition CgoHgQOg and is the 
simydest t>^)e of lignin known. 


Discussion. 

Direct dfdermination of the cellulose and lignin in decayed wood shows 
decrease of the former and increase of the latter, and estimation of the rnethoxyl 
groupings confirms the increase of the lignin. These results show very clearly 
that no delignification of the wood is brought about by the fungus, but rather 
that the main attack is confined to the cellulose. The hexosans, mannan and 
galactan, are also removed, and we wmuld therefore suggest that M. lachrymans 
first attacks these two easily hydrolysed bodies in the course of its metabolic 
activities and then confines its attack to the cellulose. 

It is difficult to account for the increase in the hemicellulose fraction of the 
decayed wood. The hemicelluloses are readily hydrolysed substances, and the 
main hydrolyse products ^)re sugars. On the other hand uronic acids are also 
produced, and it may well be due to the presence of the latter that the fungus 
does not affect the hemicelluloses. 

The influence of the hydrogen ion concentration of the medium on the 
development of the mycelia of wood-destroying fungi has only been examined 
in a few" cases, but Meacham [1918] found that the first marked deflection 
in the growth curve occurred at an acidity of A/35() HCl and was limited by 
N/50. The hydrogen ion concentration, however, does not appear to be the chief 
factor determining a desirable medium. According to Zeller, Schmitz and 
Duggar [1919], no general statement can be made on the relationship between 
the of the medium and the grow^th of wmod-destroying fungi, 

Merulius lachrymans is very sensitive to the presence of acids. Wehmer 
[1911, 1912] has found that both gallic and tannic acids are markedly toxic 
to the fungus, and it is for this reason that coniferous (soft) wood is very much 
more rapidly attacked than a hard wood such as oak. Concentrations of 1-2 % 
of these acids at once stop all mycelial growth, and coniferous wood can be 
made resistant to Merulius by impregnation with tannic acid. The presence 
of acids produced by hydrolysis would seriously hamper the fungus in its 
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attack on the wood, and it may be on this account that the hemicelluloses are 
not affected. On the other hand, the hydrolysis of the galactan, inannan and 
cellulose fractions leads to the production of no growth-inhibiting products, 
but provides the requisite carbohydrate material for active metabolism. With 
the destruction of the cellulose matrix of the tracheids the touch-wood or 
tinder-wood condition, which is so typical of wood affected by M. lachrynians, 
is obtained. ' 

Summary. 

The effect of the fungus Merulius luchrymans (the cause of dry-rot in wood) 
is to remove the galactan, mannan and cellulose fractions in spruce-wood; 
the hemicelluloses and lignin are not affected, Lc. no delignification of the 
woody tissues takes place. 

We are indebted to Mr S. 0. S. Dark for the uronic acid estimations, and 
to Mr C. S. Semmens for his invaluable assistance in a number of ways. 
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PART I. 

Introduction. 

So tar biological interest in oxidation-reduction potentials has centred mainly 
on the determination and significance of intracellular The experimental 
method has been to inject into cells oxidation-reduction indicators (whose 
ranges have* been determined by Mansfield Clark and his colleagues) and to 
observe the equilibria obtained betw^een their redu(*ed and oxidised forms. 

Needham and Needham [1926] came to the conclusion that “the of the 
amoeba is probably widely independent of the concentration of oxygen in 
the external atmosphere” but that an anaerobic protozoon (Nyctotherus 
cordiformis) has “an internal of 19 to 20 under aerobic conditions whilst 
under anaerobic conditions the latter value changes to 9-5 to 1()*5.” They 
considered that “in the facultative anaerobe the oxidation-reduction potential 
can be adjusted to the environment whilst in the strict aerobe changes in the 
environment which would lead to such an alteration in the bring about 
death.” Their conclusion that the cell has “a definite, well poised and char¬ 
acteristic* equilibrium” was based essentially upon the fact that certain oxi¬ 
dation-reduction indicators became oxidised when injected under ana(‘robic 
conditions into the cell in their reduced forms. 

Rapkine and Wurmser [1927] have determined the of a number of 
cells and found them all to be in the zone 19-20. This value was not altered 
by the injection into the cell of such substances as glucose, sodium pyruvate 
and succinate. They concluded that “the rate of dehydrogenation is, within 
wide limits, independent of the concentration of hydrogen donators.” 

Recently Cohen, Chambers and Reznikofi [1928] have injected twenty-five 
oxidation-reduction indicators in either oxidised or reduced form into Amaba 
dvhia and A7ym ba proteus imder controlled oxygen access. They found, contrary 
to the Needhams, that under anaerobic conditions the anueba was able to 
reduce all the indicators used and that it could not oxidise six of the most 
easily oxidisable indicators. The phenomena were closely parallel to those 
observed by Cannan, Cohen and Clark [1926] in their reduction electrode 
studies on bacterial cultures. 

At present, therefore, there is evidence by the Needhams pointing to the 
existence of a fairly well poised oxidation-reduction system in the cell and ^ 
there is the opposing evidence of the American workers indicating the exist¬ 
ence of an intracellular reduction intensity which increases as the neutralising 
effect of oxygen is eliminated. 

It is difficult to estimate, however, how far % terminology can be applied 
to the living cell. The application of terminology implicitly assumes the 
existence in the cell of equilibria arrived at almost instantaneously in a homo¬ 
geneous reversible system. Yet the cell is a heterogeneous system; its enzymes 
and catalysts are in a heterogeneous condition. From the work of Brooks 
[1926], Rapkine and Wurmser [1926] and Cannan [1926] it is known, for 
example, that relatively high reducing potentials can be maintained in the 
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green cell apparently in the presence of free or molecular oxygen. It is doubtful 
therefore what significance can be given to the actual value of intracellular 
rji; its value (determined by the ratio of reduced to oxidised form of indicator) 
is a function of many factors, inevitable in a heterogeneous system of catalysts, 
and to perceive its significance it is necessary to disentangle and estimate the 
influence of each factor. 

Michaelis and Flexner [1928] point out that when a tissue, naturally aerobic, 
is kept under anaerobic conditions it undergoes reactions which ultimately 
reach an equilibrium, the final potential obtained being in some way related to 
the chemical composition of the tissue in its living state. But, granting that 
such a final equilibrium potential can be determined, it is difficult to see how 
it can be interpreted to give some idea of the state of the cell under normal 
conditions; for it is with velocities of change that the normal events of the 
cell are primarily concerned and these velocities may in many cases be inde¬ 
pendent of the magnitude of a potential. 

We have approached the problem of the relationship of to events in 
the cell in a different manner from that which has hitherto been adopted. 

Quastel and Stephenson [1926] suggested that the facts relating to the 
action of oxygen on the proliferation of a strict anaerobe such as B. sporogenes 
could be best interpreted by assuming that the cell must attain a certain 
limiting reduction potential before proliferation could occur. At a potential 
more oxidising than this the cell would fail to proliferate; below this potential 
proliferation was possible. This point of view has been confirmed by the recent 
work of Aube], Aubertin and Genevois [1928]. 

The question arose as to whether a facultative anaerobe such as B. coli 
needed a definite range within which to proliferate and this led to the 
enquiry: does the growth of the cell depend at all on the oxidising or reducing 
intensity, on the of the environment? The experiments on B. sporogenes 
seem to show that a particular value of reduction potential is necessary before 
proliferation of the anaerobe can occur. But is this phenomenon a general 
one? The following communication constitutes an attempt to answer this 
question. 

Experimental method. 

Our experimental method, briefly, has been to determine how far the 
growth of B. coli on synthetic media is affected by changes in the reducing 
or oxidising power of the media in presence of the cell. The work has been 
made possible by a knowledge of the reactions brought about by the various 
constituents of the media in presence of the “resting’' or non-proliferating 
organism. 

Throughout the experiments described below, the inorganic medium 
employed was as follows: 

0-4 g. (NHJ^HPO^. 

0-1 g. NaCl. 

0‘1 g. KH 2 PO 4 . 


0*07 g. MgS04, 7 H 2 O. 
Trace FeS 04 . 

100 cc. distilled water. 
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This inorganic medium was usually made up to three times the strength 
given and kept as stock. When made up into a nutritional medium it was 
always so diluted that the final strength of salts was that given. The organic 
acids contained in the media were added in the form of their sodium salts 
and the final pjj of all media was 7*2. All experiments were done in duplicate, 
and series of experiments were repeated many times. 5 cc. of each medium, 
after autoclaving, were sown with 2 drops of a freshly grown tryptic broth 
culture of B. coh. Usually 20-hour growths were used but 6-hour growths 
are very satisfactory. It is advisable to use young cultures, results with old 
ones being inconsistent and variable. A heavy sowing, such as that given in 
2 drops, was usually found to be necessary. A number of strains of B. coli 
have been used. It is preferable for consistent results to use a strain which 
gives a good growth, in tryptic broth at 37°, within 6 hours. 

In certain experiments, especially when using slowly growing strains of 
B. coli^ a trace of an alcoholic extract of marmite was added to the media, 
controls always being carried out to show that no perceptible growth occurred 
on the quantity of marmite alone. 

Growths were usually examined after 20-40 hours' incubation (aerobic and 
anaerobic) at 37°. Details of the composition of the various media are giv<m 
in the tables which summarise the results. 

Figures are given in the tables which express relative growths. 

The growths were usually estimated by comparison with standard barium 
sulphate suspensions or nephelometrically. In a number of cases bacterial 
counts were made but such absolute values were not so important for our 
purposes as the relative ones. The figures in one table representing relative 
growths cannot be compared with the figures given in another table, the 
tabulation being such that the results given in any one particular table can be 
strictly compared with each other but not with those in any other table. 

Synthetic media for anaerobic growth of B. colj. 

The following three conditions, at least, appear to be necessary before 
proliferation can occur. 

1. The organism must be able to secure energy either by anaerobic de¬ 
composition of the substrate {e,g. glucose into lactic acid) or by the oxidation 
of the substrate. 

2 . The organism must be able to activate the substrate so that the latter 
is capable of reaction, e.g. oxidation or reduction (which it does not neces¬ 
sarily undergo in absence of the cell). 

3. The products of oxidation (or decomposition) of the substrate, or the 
substrate itself, must be capable of entering into the synthetic operations of 
the organism. 

It follows that if molecular oxygen be replaced by some molecule which 
induces in or around the bacterial cell a state comparable with that Y^rhich 
occurs under aerobic conditions and so long as the three conditions stated 
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above are fulfilled anaerobic growth should occur in presence of this molecule. 
Now B, coli activates nitrates and fiimarates as hydrogen acceptors and the 
conditions enumerated above hold in the systems lactate-nitrate and lactate- 
fumarate. Anaerobic growth of B. coli was foimd to occur in both media, the 
lactate giving rise on oxidation to pyruvate which was utilised by the organism 
[Quastel, Stephenson and Whetham, 1925; Quastel, 1925]. Later it was 
shown that anaerobic growth occurred, as was anticipated, on glycerol- 
nitrate, glycerol-fumarate and glycerol-aspartate media and that it did not 
occur with a strict aerobe, such as B. allculigenes which failed to show any 
perceptible activating action on nitrates or fiimarates [Quastel and Stephen¬ 
son, 1925; QuavStel and Wooldridge, 1925]. 

In a lactate-fumarate medium, the lactate acts, in presence of the cell, as 
a hydrogen donator and must be regarded therefore as exerting a reduction 
potential relative to the cell. Similarly the fumarate must be considered as 
exerting, in presence of the cell, an oxidation potential. Therefore, although 
a lactate-fumarate medium, in the absence of the cell, has no observable 
reducing or oxidising power^ and gives no potential discoverable at an elec¬ 
trode, it must be considered as exerting an oxidation-reduction potential, 
dependent on the relartive concentrations of the two substances, in presence 
of the cell. This potential is not observable at an electrode because of the 
inaccessibility at the ele(*trode of the cell enzymes in combination with their 
substrates—nevertheless it is clearly indicated by the fact that methylene 
blue, in presence of the system (lactate-fumarate), will be reduced to a par¬ 
ticular value dependent on the relative velocities of reduction by lactate and 
oxidation by fumarate. Such a value would be as real an indication of the 
of the medium relative to the cell, as is the intracellular fjj of a cell indicated 
by th<3 methdd of microinjection. Now if the growth of B. coli is dependent 
on the rjj of the medium it should be dependent on the relative concentrations 
of lactate and fumarate in the medium. 

Anaerobic growth of B, colj on a lactate-fumarate medium (Table I). 

Table I. 

Growth of B. cxdi anaerobically on media containing lactate and fumarate in varying con¬ 
centrations, Each column represents a separate medium. Growths examined nephelometrically. 

Cone, of lactate xl/ZlO 11 1 1 111 15 2 3 4 4 

Cone, of fumarate X Af/40 0 0-5 1 1-5 2 3 4 1 1 1 1 2 

Relative anaerobic growths after 20 hrs. 0 0-5 1-5 2 2 2 1-5 2-5 1-5 0-5 0 0 

incubation 

The following conclusions may be drawm. 

1 . Growth increases witlj increase of lactate concentration until a con¬ 
centration is reached above which growth diminishes with increase in con¬ 
centration. 

2 . Growth increases with fumarate concentration until a maximum is 
reached. This concentration is about M/40. Above this concentration further 

^ On, say, the methylene blue system. 
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increase of fumarate appears to have but little inhibitory action. High con¬ 
centrations of fumarate are however definitely inhibitory. 

These results are in accordance with those found by Quastel and Stephenson 
[1925]. 

The fact that growth increases with increase in lactate and fumarate con¬ 
centration until maxima in concentrations are reached is easily understood, 
for the rate of growth must be dependent on the rate of oxidation of the 
lactate to pyruvate (which is assimilated by the organism) and upon the rate 
of energy liberation (which is used for synthetic purposes). Such rates must 
be dependent on the amounts of lactate and fumarate present. 

The inhibitory action of lactate at relatively high concentration is not due 
to any toxic effect of this substance on B. coli, for good aerobic growth will 
occur in lactatc-fumarate media where the concentrations of lactate are such 
that anaerobic growth is markedly inhibited. 

The inhibition of growth with increase of lactate coiK'.entration may be 
due, however, to an increased reduction potential being secured within the 
cell. If this be so it will be expected that increase in fumarate concentration, 
after attaining a critical value, will balance the inhibitory action of increased 
concentration of lactate and so result in an increased growth. This does not 
seem to occur. It may well be argued, however, that the failure of fumarate 
to balance the lactate effect is due to saturation of the fumarate enzyme 
with its substrate, so that increase in concentration of the latter does not 
exert any increased velocity of oxidation and hence any power of neutralising 
the lactate effect. 

This difficulty may be surmounted in the following manner. 

In the presence of B. coli an equilibrium is established between succinate, 
fumarate, methylene blue and leucomethylene blue, the equilibrium "point 
being independent of the absolute quantities of succinate and fumarate present 
[Quastel and Whetham, 1924]. The oxidising action of fumarate is balanced 
by the reducing action of succinate in a reversible manner characteristic of 
the usual reduction-oxidation indicators. 

If now to a lactate-fumarate medium succinate be added, the of the 
medium (relative to the cell) must decrease, the fumarate action being opposed 
by that of the succinate. The evidence points to the same enzyme activating 
both succinate and fumarate [Quastel and Wooldridge, 1927, 1] so that the 
difficulty of enzyme saturation does not appear here. Clearly, whatever the 
concent^rations of the two substances, their ratio will determine the reduction 
potential at their enzyme, i.e, in the presence of the cell. Hence by keeping 
the lactate concentration .constant the fjj may be varied by varying the 
relative proportions of succinate to fumarate. 
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Anaerobic growth of B. coli on a lactate- 

FUMARATE-vSUOCINATE MEDIUM. 

The results are shown in Table 11. 

1. Increase in succinate concentration results in a marked inhibition of 
growth. 

2. This inhibition is relatively greater than that produced by increase in 
lactate concentration. 

Table 11. 

(iiDWth of //. roli armerobii’ally od ladate-funiarate-succinate niodia of varyiiiij compositiurks. 

;onc. of lactate 3//l() 0-5 (1-5 0-5 C-S 0*5 0-.5 0.5 0-5 0-.5 0*5 0*f> 0-5 0*5 0*5 0*5 0*5 0*5 0-r) 0*5 

'one. of funiarate > A//40 0-5 0*5 0-5 0-5 0*5 0*5 1 1 1 1 1 ] 2 2 2 2 2 2 2 

W. of siimnale V ;U/40 - 0*25 0*5 1 1*5 2 - 0*25 0*5 1 ]*5 2 - 0-25 0*5 1 ]-5 2 b 

relative anaen.bic ^roHth.s 2 2 1*7 1*3 I 0-5 3 3 2-2 1*9 M 0-5 3 2*!) 1*7 1*1 0*8 0*75 0*5 

after 20 hours’ incubation 

The specific action of succinate. 

The inhibiting action of succinate may be shown to be specifically connected 
with furnarate. x4.naerobic growth of B. coli in tryptic broth, glucose solution, 
sodium pyruvate solution or a lactate-nitrate medium is not perceptibly 
inhibited by the presence of concentrations of succinate which markedly 
inhibit growth in a lactate-fumarate medium (see Table III). This specific 
action of succinates supports the view that the oxidising action of furnarate 
is being opposed by a reducing action of the succinate. It may be shown that 
the inhiliition of growth is not due to toxicity of succinate, in this particular 

Table III. 

Growth of B. roli anaerobically in various media in the presence and absence of succinate. 

Growths examine^ after 20 hours’ incubation. 

IVyptic Lactate- Lactate- Glucose Pyruvate 

broth furnarate nitrate M/'IO M/10 

Without succinate added 2 2 2 2 2 

In the presence of succinate .If/10 2 0*5 1*5 2 2 

medium, for if nitrate be added to such a growth-inhibitive medium, an 
accelerated growth results. Again a lactate-fumarate-succiriate medium ex¬ 
posed aerobically gives a good growth. The effect of the succinate is not 
due to osmotic action; the same molar concentration of NaCl has no effect on 
a lactate-fumarate medium. These results are noted in Tables IV and V. 

Table IV. 

To show anaerobic grow'ths of B. coli in laetato-fumar^tevsuccinate media accelerated by the 
presence of nitrates. 

Cone, of lactate X M/20 . 1 1 1 1 1 1 

Cone, of furnarate x M/40. L5 1*5 1*5 3 3 3 

Cone, of succinate x M/40. 2 2 2 2 2 2 

Cone, of nitrate x M/10 . — 0*5 1 — 0*5 1 

Relative anaerobic growth after 20 hrs, incubation 0*6 2 2 0*4 2 2 
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The effects of substances other than succinate 

ON THE ANAEROBIC GROWTH OF B. COLI, 

So far the evidence would appear to favour the conclusion that the an¬ 
aerobic growth of B. coli in a lactate-fumarate medium diminishes with 
increased concentration of succinate because the latter is responsible for an 
increase in reduction potential. The results do not show very clearly, however, 
that growi^^h is dependent on any ratio of succinate to fumarate. There is 
remarkably little indication, on the whole, that increase of fumarate concen¬ 
tration neutralises the inhibi^ive action of increased succinate concentration. 

Another explanation of the phenomenon is possible. The same effect of 
succinate on the anaerobic growth of jB. coli in a lactate-fumarate medium 
would obtain if succinates were adsorbed at the fumarate enzyme so that the 
amount of active fumarate available for hydrogen acceptance would be re¬ 
duced, Thus if the addition of succinate simply had the effect of com])eting 
with fumarate for its enzyme, there would result a diminution in the velocity 
of oxidation of the lactate. This would not only result in a diminution in the 
rate of liberation of energy but in a diminution in the rate of production of 
pyruvate necessary for assimilation. It is easy to see therefore liow the 
presence of succinate would retard cell growth. If this view is true substances 
other than succinate, perhaps without any reducing action, would bring about 
the same effect—so long as they competed with either fumarate or lactate 
for their respective enzymes. 

It is known from results on resting bacteria [Quastel and Wooldridge, 1928] 
that the following substances are among those which compete with lactate 
for its enzyme: glycollate, G-hydroxybutyrate, oxalate, hydroxymalonate. 
Malonate competes with succinate for its enzyme. None of these substances 
is comparable with succinate or lactate for reducing activity at relatively low 
concentrations; oxalate and malonate have no perceptible reducing action in 
presence of B, coli. Table V showa the effects of these substances on the 
anaerobic growth of B. coli in a lactate-fumarate medium. It will be seen that 
the substances which compete with lactate or fumarate for their enzymes 
inhibit growth. The same molar concentration of NaCl has no effect. The 
same molar concentration of acetate, which does not compete markedly with 
either lactate or fumarate, has relatively little effect^. 

The evidence points therefore to the action of succinate being just as much 
due to its competition with fumarate as to its exerting a reduction poteutiaL 

This is borne out by another experiment. As indicated earlier B. coli will 
grow anaerobically in a glycerol-fumarate medium. The growth in such a 
medium takes place with much lower concentrations of fumarate than will 
allow anaerobic growth in a lactate medium, i.e, a smaller number of activated 
fumarate molecules are necessary for growth on glycerol than for growth on 

^ SigniScanoe should not be attached to the results obtained on the addition of acetate to 
nitrate media since growth of B. coU occurs anaerobically in an acetate-nitrate medium. 
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lactate, (An explanation for this will be suggested later.) It would be possible^ 
if the competition theory were true, that the addition of succinate to a glycerol- 
fumarate medium, whilst diminishing the total number of activated fumarate 
molecules, would still leave sufficient of the latter to induce relatively un¬ 
altered growth. Experiment (Table V) shows that a concentration of succinate 
whi(ih markedly inhibits growth in a lactate-fumarate medium has but little 
or no effect in a glycerol-fumarate medium, the amounts of fumarate being 
in each medium the same. 


Table V. 

To whow the effect of the addition of various substrates to basal media, containing a hydrogen 
donaf^or and acceptor, upon the anaerobic growth of B. coli. Each tubc^ contains 5 cc. of medium 
consisting of the specified inorganic medium together with the concentrations of H-donator and 
H-aceeptor given in the first column. The substrates are noted at the head of subsequent 
columns; each being present in il//20 concentration. Two drops of an 18-hour broth culture of 
B. coll were inoculated into each tube. The resulting growth after 30 liours' incubation at 37'^ 
anaerobically was estimated nephelometrically and is given by the figures in the table. The 
growths of each senes arc‘ mutually comparable. ? —doubtful growth. 

tlydroxy- 



< oiitrol 

N'aCi 

Acetate 

Oxalate 

Ilydroxv 

butyrate 

(Ov 

collate 

male ‘ 
nate 

Malo 

nate 

‘“^uccinate 

3//I0 lactate** 

.3 

3 

2 

] 

0-25 

025 

1 

I 

0*5 

.17/20 fumarate 
di/KK) lactate* 


2 

2 

1 5 

]'5 

1-5 

1-5 

0-5 

lo 

iW/KK) nitrate 

M /UX) fumaraU* 

* 2 

.> 

2 

1-5 

1 5 

2 

2 

V 

1 

3// loo nitrate 
3//20 acetate* 

1-5 

2 

1*5 

2 

1*5 

2 

3 

0-75 

2 

3//20 nitrate 
3//50 glycerol 

2 

3 

2 

4 

2 

1 

3 

3 

3 

MjTyi) fumarate 
M /50 glycerol 

3 

3 

3 

4 

2-5 

2*5 

4 

1-5 

3 

3//50 nitrate 
3f/20 glu^se 

2 

2 

1 

2 

2 

2 

1*5 

o 

2 

3//10 pj-Tuvate 

2 

2 

I 

2 

2 

•> 

3 

3 

3 


* These series contain 0-5 cc. of alcoholic extract of marmite (1/250), control tubes showing 
no perceptible growth. 


Competitive action. 

The specific succinate effect seems to be parallel to the effect of carbon 
monoxide in competing with oxygen for the oxidase system [Warburg, 1926; 
Keilin, 1927]. The reversibility exhibited by the CO-Og-oxidase system, is not 
so easily demonstrable, however, in the succinate-fumarate system. At most 
we have only had indications that the inhibitive action of succinate is balanced 
by an increased concentration of fumarate. Further experiment is still needed 
to establish this finally. The experimental difficulty is that high concentrations 
of salts undoubtedly inhibit growth by their osmotic effect; so that only a 
restricted rangfe of concentrations is possible within which to test for reversi¬ 
bility and the range may not be great enough for the purpose. Very low con¬ 
centrations of fumarate cannot be used for experiment because at these 
concentrations a small increase of fumarate will, in the absence of succinate, 
bring about an appreciably increased rate of growth. 
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The competitions between succinate and malonate and between lactate 
and oxalate at their respective enzymes are reversible [Quastel and Wool¬ 
dridge, 1928], the inhibition of reduction by a competing molecule such as 
malonate or oxalate not being directly proportional to the concentration of 
the latter but taking place at a rate which would be anticipated if adsorption 
occurred. Eadie [1928], who has confirmed the observation [Quastel and 
Whetham, 1925] that the velocity of reduction of methylene blue by a 
donator in presence of B. coli follows the logarithmic relationship 

V ^ Ic k' log C, 

(where k, k! are constants, C is concentration and 'v is velocity), concludes 
that this relationship is best interpreted on the basis of adsorption of the 
substrate at its enzyme. 

It would seem a reasonable argument, in face of the evidence, that the 
succinate effect is due more to competitive adsorption at the fumarate enzyme 
than to the succinate exerting a reduction potential effect. The matter has 
been put to further test by investigating the action of succinates and other 
substances on a variety of media capable of supporting anaerobic growth. 
Table V summarises the results. It will be observed that inhibition of growth 
occurs where direct competition of the additional substance with a substrate 
of the medium is known to occur [Quastel and Wooldridge, 1928]. 

Conclusions on the action of succinate. 

Part, at any rate, of the inhibiting action of succinate may be attributed 
to its competing with fumarate for its enzyme. There is left the possibility 
that some of the action is due to an increased reduction potential. It may be 
considered that the competition itself is synonymous with the production of 
an increased reduction potential owing to the diminution in number of 
activated fumarate molecules and hence in the velocity of oxidation. The 
intracellular Tjj would indeed change to a more negative (reducing) value if 
the velocity of oxidation by fumarate within the cell were to decrease— 
assuming no marked poising action within the cell. But the same effect 
would occur by competition with the lactate molecules; here, in contrast to 
fumarate, the intracellular would become more positive owing to a 
diminution in the velocity of reduction. In both cases a diminution of 
growth occurs. It may appear that there is just one value of intracellular 
at which the rate of proliferation is greatest; that it diminishes as the 
becomes more oxidising. But in presence of oxygen when presumably the 
Tjj is still more positive the rate of growth is increased. Hence it becomes 
difficult, if not impossible, to relate the growth of the cell directly to its 
internal 
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PART II. 

It is desirable now to consider the effects of the addition to the basal 
medium of a substance, normal to tissues, but independent of the cell or its 
enzymes for its reducing action. Such a substance is glutathione and the 
experiments to be described show the action of glutathione, cysteine and 
thioglycollate on the growth of R. coll. Details of the experimental technique 
will be found in Part I. 


Effects of (^ysteine, glutathione and thioglycollate on the 

(JROWTH OF B. (^OLI ON A LACTATE-FUMARATE MEDIUM. 

(A) Anaerobic (see Table VI). 

It will be seen that these —SH compoumls^ affect the rate of anaerobic 
growth markedly. There is a considerable diminution in the growths, these 
results being clearly observed after HO-40 hours’ anaerobic incubation. 

(B) Aerobic (see Table VI). 

The growths under aerobic conditions are, on the other hand, after 20-40 
hours’ incubation, at least as profuse as, and often greater than, the growths 
in the media containing no —SH. 


Table VI. 


To show cfTocts of -~SH compounds on aerobic^ and anatu’obi(! growth of B. roli on laotate- 
fumarate media at 7-2. Growths were examined nephelonietrieally after 40 hours’ incubation. 
The —SH compounds were sterilised separately by steaming. 


Cone, of hu'taU* > A//20 
Cone, of fumarate x M '40 ... 

Cone, of eyst-eine x ... 

Cone, of glutathione x 47 /250 
Cone, of thioglycollate x /lf/92 
llelative growths ai^robie 
Relative growths anaerobic 


1 

1 



1 

1 

0-5 


5 

0 7 


1 

1 

1 


3 

0-5 


1 

1 

0-5 

4 

0-8 


1 

1 

1 

4 

0-6 


1 1 
1 1 


0-1 0-2 

2-5 3-5 

1-2 0-5 


To account for this phenomenon it might be suggested that under aerobic 
conditions all the —SH is oxidised by molecular oxygen, so that there is no 
—SH left to give a high reduction potential. The maintenance in the cell of 
this potential might account for the diminution under anaerobic conditions in 
the rate of proliferation of the organism. 


Quantity of —SH present after growth under 
AEROBIC and anaerobic CONDITIONS. 

To test this view the amounts of —SH left in the medium after growth 
under aerobic and anaerobic conditions were estimated by titration with 
dilute iodine solution (Table VII). 

In almost every case it was found that the amount of —SH left in the 
medium under aerobic conditions was equal to, and often greater than, the 
amount left under anaerobic conditions. Thus, in spite of the fact that there 
^ It is very convenient to speak of —SH as though it^ were a separate entity. 
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was present in the medium suflScient —SH to give a high negative reduction 
potential [Dixon and Quastel, 1923; Michaelis and Flexner, 1928], aerobic 
growth proceeded apparently unaffected whilst anaerobic growth was markedly 
inhibited. 


Table VII. 

To show quantities of —SH (estimated by titration with iV/200 iodine solution) present in 
lactate-furaarate -SH media after 40 hours’ incubation under aerobic and anaerobic conditions. 


Lactatc-fumarate media 


Exp. 1. 

Without —SH 

With cysteine initial cone. i\f/312 ... 
With glutathione initial cone. MI250 

Exp. 2. 

Without—SH 

With cysteine initial cone. Af/156 ... 
With glutathione initial cone. M{250 


Relative 

cc. A 7200 
iodine 

I equired 

Relative 

cc. V/200 
iodine 
required 

growths 

for 5 ec. 

growths 

for 5 cc. 

anaerobi(‘ 

medium 

aerobic 

medium 

2*6 

0*1 

3-7 

0-1 

10 

1-5 

5-5 

1*6 

12 

2-2 

5*7 

1-6 

20 

01 

2-5 

01 

0-5 

0-85 

3*0 

115 

0-6 

1*4 

> 40 

1-65 


The fact that aerobic growth obtains under such conditions is remini.scent 
of the work of Brooks, Rapkine and Wurmser, and Cannan, which shows that 
high reduction potentials can occur within the green cell apparently in the 
presence of free or molecular oxygen. The fact, too, reminds us of the experi¬ 
ments of Hopkins [1925] on the oxidation of protein in presence of glutathione. 
Throughout the oxidation, even when the velocity of the latter was at its 
greatest, a small but definite concentration of —SH was maintained. As 
Hopkins said, the maintenance of this concentration was determined by the 
relative velocities of reduction of —S.S— by the protein and of oxidation of 
—SH by oxygen. 


Effects of nitrates anu oxygen. 

If to a lactate-fumarate medium containing —SH, which therefore only 
feebly supports the anaerobic growth of B, coli, there be added nitrates, an 
accelerated growth of the organism is observed (Table VIII). 


Table VIII. 


To show the effects of nitrate on anaerobic growth of B. coli in lactate-fumarate —SH. media 


Cone, of lactate X If/20 ^ ... ... ... ... 1 

Cone, of fumarate x Af/40 ' . ... 1 

Cone, of cysteine X Af/166 ... . -— 

Cone, of nitrate X Af/i‘7 ... .. — 

Relative growths after 40 hours’ anaerobic moi:A>ation 20 


1 

1 

0-5 


0-7 


1 

1 

1 

0*5 


1 1 

1 1 

0*5 1 

0*5 0*6 

2*1 10 


In the case of aerobic growth on the —SH media, there is usually a lag in 

the initial rate of growth which is dependent upon the amount of _SH 

initially introduced into the medium. But the lag disappears after 30 hours’ 
or less incubation and then there results a very profuse growth. This lag we 
attribute to the mediiun being essentially anaerobic in the presence of excess 
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of —SH; as soon as the excess is removed by oxidation, molecular oxygen 
becomes freely available to the cells and aerobic growth proper commences. 

The quantity of —SH measured after 30-4:0 hours’ incubation does not 
diminish after further incubation either aerobically or anaerobically; rather 
does it tend to increase. 

The aerobic growth of B. coU on the —SH media is not due simply to a 
growth on the —SH compounds introduced. Control experiments show that 
the growth on these substances in the concentrations used is small compared 
with the growths obtained in the lactate-fumarate —SH media. Thioglycollic 
acid^, upon which the growth of J5. coli is most feeble, has similar effects, 
aerobically and anaerobically, to glutathione. 

Interpretation of the effects of —SH. 

The fact that aerobic growth is unaffected and anaerobic growth is greatly 
diminished by the presence of —SH in a lactate-fumarate medium, and that 
in both cases the same amount of —SH is maintained, points to the conclusion 
that the ability of the cell to proliferate cannot be directly related to the 
reductioti potential of the medium—if by reduction potential is meant the 
potential secured by the electromotively active substance present. 

Now it has been shown by Kendall and Nord [1926] and by Michaelis and 
Flexner [1928] that the potential of cysteine at an electrode is markedly 
affected by traces of free oxygen. What, then, are we to consider the potential 
of the media which we have employed? 

It is difficult to apply terminology to such electromotively unbalanced 
systems as these. It can be argued that the —SH present in the medium 
maintains within the cell a reduction potential which becomes more positive 
in the presentie of oxygen than in the presence of fumarate. Proliferation 
presumably would only occur normally at the more positive value. But if 
proliferation depends essentially on the maintenance of this more positive 
potential, why should anaerobic growth of B. coli occur on glucose? Here 
reducing conditions are so intense that, as is well known, hydrogen is evolved. 
Consideration of potential alone seems to give no satisfactory interpretation. 
This seems to be inevitable, for the rate of growth necessarily depends upon 
velocity relations, and only in so far as reduction potentials affect relative 
velocities can we expect to connect rates of growth with potential measure¬ 
ments. 

The question of intracellular hydrogen carriers. 

When 5. coli grows anaerobically on a lactate-fumarate medium, by what 
means is the hydrogen transferred from the lactate to the fumarate ? The two 
enzymes governing the activation of lactate and fumarate appear from the 
work on resting bacteria,to be distinct from each other^. 

^ To perceive the effects of these —SH compounds only relatively small quantities must be 
used. 

* Some‘‘overlapping** occurs in the case of the lactic and succinic enzymes when these enzymes 
are studied with normal B. coU [Quastel and Wooldridge, 1927, 2]. 
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The enquiry resolves itself into the following problem: will a hydrogen 
donator react with a hydrogen acceptor in the presence of their specitic 
enzymes but in the absence of any intermediate hydrogen carrier? 

Now if such a reaction could occur in the absence of a carrier we would 
expect that a hydrogen donator, or acceptor, in the presence of its enzyme 
would be electromotively active, ^.c. it would give a potential at an electrode 
in a manner similar to —SH or methylene blue. The experiments bearing on 
this point do not, however, indicate that a hydrogen donator in the presence 
of its enzyme has a behaviour characteristic of an electromotively active 
system. Indeed the experiments of Kodama 11926J on hypoxanthine in 
presence of xanthine oxidase show that no such potential is produced. Keilin 
has been able to demonstrate that cytochrome plays the part of hydrogen 
carrier between oxygen activated by oxidase and hydrogen donators activated 
by dehydrases. It seems equally possible that in the cell of B. coli a carrier 
transfers hydrogen from the activated donators to the activated acceptors. 
It remains for experiment^ finally to decide this, but in the meantime we feel 
justified in proceeding on the assumption that such intracellular hydrogen 
carriers are necessary. The scheme is represented in diagrams T and II. 


Active 

Centres 


Lactic 

Dehydrase 


Activated 
Hydrogen-> 
Donators 


Lactate-> 


H 


carner(B) 

1 . 


Activated 

Hydrogen 

Acceptors 


H -V 

earners) 

11 . 


^^Oxygiiii 
—►Furnarate 
^Nitrate 


A( tivc 
Centres 

Oxidase 

Fiimarato enzyme 
Nitrate enzyme 


The carrier^ is presumably of the usual oxidation-reduction type. Let its 
oxidised form be represented by A and its reduced form by AIL^. Then since 
it is diffusible in the cell (otherwise hydrogen carriage would be impossible) 
the level of oxidation-reduction potential in the cell will be determined by the 
ratio [A]/[AHJ. This ratio will be determined by the relative velocities of the 
reducing and oxidising processes within the cell. Now the rate of oxidation 
of a hydrogen donator, say lactate, will be determined by the concentration 
of A and the rate of reduction of a hydrogen acceptor, say fumarate, by the 
concentration of AHg. The rates will, of course, be dependent also on the 
concentrations of donator and acceptor but we may assume that the cell 
enzymes are saturated with regard to their substrates, so that variation of 
substrate concentration above their saturation points will not affect velocities. 

The growth of B. coli will be dependent on at least two factors : 

(a) the rate of production of p 3 rruvate from lactate, 

(b) the rate of liberation of energy by oxidation. 

^ Such experiments are now being carried out. 

2 There may be a number of carriers but this does not affect the discussion. 
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These rates will be determined by the value [A] and hence by the oxidising 
and reducing processes present. If the value [A] be diminished by the intro¬ 
duction into a cell of another reducing factor, say —SH, the proliferation of 
the cell will be affected through changes in the rates of pyruvate and energy 
production. If the rate of reduction of A by —SH is greater than the rate of 
oxidation of AH 2 by the acceptor, the value [A] will decrease with a conse¬ 
quent decrease in the rate of proliferation. 

This, we suggest, is a possible explanation of the effects of —^SH on the 
aerobic and anaerobic growth of B, coli on a lactate-fumarate medium. It is 
known from work on the resting organism that the rate of oxidation of leuco- 
methylene blue by oxygen is much greater than by fumarate. Hence we may 
expect the rate of oxidation of AH 2 to be greater with oxygen than with 
fumarate. If therefore the amount of —SH in the cell remains constant, the 
value of [A] will be greater in the case of oxygen than in the case of fumarate. 
This value may be sufficiently large in the case of oxygen^ to allow the pro¬ 
liferation of the cell to proceed unaffected, but in the case of fumarate too 
small for normal growth. 

Energy requirements of the cell. 

The rate of growth, as has been stated, depends on at least two rates, 
those of production of pyruvate and of energy. Now it is possible that there 
may be two molecules, each capable of giving rise to pyruvate, but whose 
energy productions per molecule may differ from each other considerably. 
An example of a pair of such molecules is glycerol and lactate. The yield of 
energy per molecule in breaking down to pyruvic acid is shown in the following 
equations: * 

CH3.CH(0H).C00H + COOH.CH-.CH.COOH 

- OH 3 . CO. COOH -f COOH. CHg. CH^. COOH + 14 Cal. 
CH2(0H) . CH(OH). CHgOH + 2 COOH. CH: CH. COOH 

- CH 3 .CO.COOH 4- 2 COOH.CH 2 .CH 2 .COOH f 50 Cal. 

It is easily seen that if the rate of oxidation of glycerol is small compared with 
that of lactate the rate of energy production by glycerol may still be the same 
as that by lactate, and, so long as the pyruvate produced in both cases is 
sufficient for the organism’s needs, the rates of proliferation on the two 
substances may be the same. 

This means that if the concentration of A in the cell diminishes to such a 
small value that normal proliferation with lactate will not occur it may still 
be sufficiently large for a normal proliferation with glycerol. It has been 
stated earlier that, actually, anaerobic growth of B. coli in a glycerol-fumarate 
medium takes place at a lower concentration of fumarate than in a lactate- 
fumarate medium. We expect therefore that the presence of —SH in the cell 

^ We are infortned by Keilin that the presence of —SH seems scarcely to affect the rate of 
oxidation of reduced cytochrome by oxygen. 

Bloc hem. 1929 xxm 


9 



130 


J. H. QIJASTEL AND W. R. WOOLDRIDGE 

will not affect the anaerobic growth on a gl\xerol*fumarate medium to as 
great an extent as on a lactate-fumarate medium. 

Experiment confirms this (Table IX). 

Table IX. 

To show absence of effect ot a small concentration of glutathione* on growth of B, coh m a 


glycerobfumarate medium. 



Cone, of glycerol x M/20 . 

1 

1 

("one. of fumarate X A//20 

1 

1 

Cone, of glutathione X Af/25() ... 

—. 

1 

Relative growths after 16 hours’ anaerobic incubation 

2*0 

2-0 


PART III. 

f 

Let us now consider the effects of addition to the basal medium of a third 
substance—formic acid. This compound differs from succinic acid in being 
independent of the lactate and fumarate enzymes and from cysteine in re¬ 
quiring an enzyme to bring about its activation. It is specially useful for our 
purpose for not only is it the most powerful hydrogen donator in presence of 
B, coli (with the exception of the sugars) but it is inert as a nutritional source 
of carbon and its energy of oxidation is nearly that of hydrogen itself. For¬ 
mates are, indeed, the most powerful source of active hydrogen so far as 
B. coli is concerned, and if'the rate of proliferation of this organism is to be 
related to the presence in a medium of an active soiirc^e of hydrogen, th(‘ 
inclusion of formates would be expected markedly to affect proliferation. 

Anaerobic growth of B. coli on a lactate- 

PUMARATE-FORMATE MEDIUM (TaBLE X). 

The effects of relatively small quantities of formates on the anaerobic 
growth of B, coli on a lactate-fumarate medium are very striking. There is 
a greatly accelerated growth which seems to reach its maximum when the 
formate concentration is about ilf/40. Above this concentration, increase of 
formate tends to diminish the rate of growth. ^Now this effect of formates is 
not only to be observed in a lactate-fumarate medium but in a medium com¬ 
posed of fumarate alone, i,e. with no lactate present. The growth in a fumarate- 
formate medium is considerably less than in a lactate-fumarate-formatc 
medium for the same concentration of formates (see also Table XI). 

Effects of formates on anaerobic growth of B, coli , 

ON LACTATE-MAEATE AND LACTATE-ASPARTATE MEDIA. 

It was shown by Quastel and Stephenson [1925] that anaerobic growth of 
B. coli on lactate-malate or laotate-aspartate media is doubtful or absent. 
Examination of the results given in Tables XII and XIIF shows the powerful 
accelerating effects of formates on the anaerobic growth of B, coli in these 
media. 
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Now it seems very probable that the effect of formate is connected with 
its reducing activity, but to test this we have compared formate with a closely 
allied substance—formamide. 


Table X. 

To sliow effects of varying ooncentrations of formate on the anaerobic growth of B. coli in a lactate-fumarate 
medium. 17 hours’ incubation. Details of all experimental technique in Part 1. 

Cone, of lactate X jl//20 -11 1 1 1 111! 1*5 2 1 — 11 — 

Cone, of fumarate X Jf/20 — ] — 11 1 J 1 1111 1 1 --- I 1 — 1 

Cone, of formate X il//40-— 1 — 0*1 0-.3 O-o 0-7 1 2 3 5 — — 0-5 0*5 111 

Relative growths 0 U 0 1 3 5 5 0 h 3 2 0’5 1-5 1*5 0 2 6 0 2 


Table Xl. 

Effects of formates on anaerobic growth of B. coli on lactate-fumaraU* media giving relative 


grow’ths and relative bacterial counts*. 

Cone, of lactate x A//20 

16 hours’ incubation. 

I 1 


1 

1 

Cone, of fumarate x M/20 

— 

— 

1 

1 

1 

1 

Cone, of formate x M/40 


1 

— 

1 

— 

1 

Relative growt hs 

0 

0 

0 

? 

1 

3 

Relative bacterial counts 

22 

16 

40 

80 

240 

1080 


* 1’he bacterial counts (which were done in dupli(‘ate) were made by plating out two loopfuls 
of the medium diluted in sterile saline (1/200). These it must be remembered are viable counts. 


Table XII. 


To show effects of formates on anaerobic growth of B. c^ili on lactate-malat(^ media. 40 hours 
incubation. 


Cone, of lacitate x il//20 1 

Cone, of rnalatc* x Ji/20 — 

('oiK’. of formate x M/40 1 

Relative growths 0 


1 1 1 
1 1 1 I 1 

-1 — 1 2 
0 4 0 0 4 


1 

0 


2 


Table Xlll. 


To show effects of formates on anaerobic growth of B, coli on lactate-aspartate media. 
40 hours’ incubation. 


Cone, of lactaU^ x M /20 1 1 

Cone, of aspartate x M/’ZO 1 1 

Cone, of formate x M/40 — 0-5 

Relative growths 0’5 3 


111 1 
1 — 0-5 1 

3 0?? 


Activation and effects of formamide. 

Formamide at low concentrations is not a powerful donator of hydrogen. 
In a previous communication [Quastel, 1926] it was considered that forma¬ 
mide had a strong reducing activity (on methylene blue in presence of B. coli) 
even at very low concentrations. Formamide purified according to the method 
of Willstatter and Wirth [1909] always exhibits such activity at low con¬ 
centrations. If this preparation of formamide, however, be frozen at —8°, 
allowed partially to thaw and the liquid portion discarded, the solid portion 
shows a diminished reducing activity. By repeating this operation several 
times a specimen of formamide may be obtained which shows but little 
reduefing activity at low concentrations (if/500). At appreciably greater 
coBoentrations the formamide again becomes highly reducing, but it is prob¬ 
able that much of this activity is due to traces of formates still remaining in 


9—2 
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the formamide^. Experiment shows that formamide does not inhibit reduc¬ 
tions of methylene blue due to formate, i.e. it does not appear to be accessible 
to the formate enzyme. 

The purest form of formamide which we were able to prepare was used in 
the experiments whose results are given in Table XIV. No acceleration in the 
anaerobic growth of B, coli was produced by formamide at concentrations in 
which formates produced powerful effects. 


Table XIV. 


To show relative effects of formate and formamide 
fumarate media. 18 hours’ incubation. 

on 

anaerobic growth 

of B, coll in 

lactate 

Cone, of lactate x ilf/20 

1 1 

1 

1 

1 

1 

1 

1 

1 

1 

Cone, of fumarate x M /40 

1 1 

1 

1 

1 

2 

2 

2 

2 

2 

Cone, of formate x Mfio 

„ 1 

2 

— 

— 

— 

1 

2 

— 


Cone, of formamide x ilf/40 

— 

— 

1 

2 

— 

— 

. - 

1 

2 

Relative growths 

1 3 

3 

1 

1 

1 

5 

5 

1 

r 

Anaerobic growth of R. coli 

ON LACTATE-FUMARATE MEDIA 



AT VARYING INITIAL HYDROGEN ION CONCP^NTRATIONS. 


When growth occurs in a lactate-fumarate medium containing formates, 
the media usually become more alkaline owing to the oxidation of the for¬ 
mates. Grey [1914] has made use of the fact that formates are easily broken 
down by B, coli with liberation of alkali in his experiments on the fermentation 
of sugars. Now it seems conceivable that the accelerating action of formates 
noted above is due to their oxidation with resulting increased and possibly 
therefore increased rate of proliferation. 

This was tested by growing 5. coli anaerobically in the presence and 
absence of formates on lactate-fumarate media, whose initial j)^ ranged from 
6'0 to 8-0 (Table XV). 


Table XV. 

To show anaerobic growth of B. coli on lactate-fumarate media of varying initial 


absence and presence of formates. 
Cone, of lactate x ilf/20 1 

18 hours’ incubation. 

1111 

1 

1 

1 

1 

1 

1 

1 

Cona of fumarate x if/40 

2 

2 

2 2 

2 

2 

2 

2 

2 

2 

2 

2 

Cone, of formate x if/40 


1 

— 1 

— 

1 

— 

1 

— 

1 

_ 

1 

Initial 

60 

6-0 

6-4 6-4 

6-8 

6-8 

7-2 

7-2 

7'6 

7-6 

8-0 

84) 

Relative growths 

0 

0 

0-9 2-4 

1 

17 

0-7 

21 

0-8 

1*7 

0-7 

D5 


It will be seen that the anaerobic growth of B, coli was not accelerated 
by increase in between the range 6*4 and 8-0. The presence of formates 
always accelerated the growth in this range. It seems scarcely conceivable, 
therefore, that the formate effect is simply an effect due to change in hydrogen 
ion concentration. 

^ It is worth noting that the bacterial test for formate (by reduction of methylene blue in 
presence of J5. coli) is more sensitive than any chemical test for formate with which we are 
acquainted. 
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Again it should be remembered in this connection that very good growth 
of B. coli occurs anaerobically on glucose and glycerol-fumarate media; and 
in these media growth is always accompanied by an increase in hydrogen ion 
concentration^. 

Effects of formates on the anaerobic growth of J5. coli 

ON GLUCOSE AND SODIUM PYRUVATE MEDIA. 

Formates at concentrations which markedly accelerate growth in lactate- 
fumarate media have no perceptible action on the anaerobic growth of B, coli 
in glucose and sodium pyruvate. But relatively high concentrations of for¬ 
mates have a definite inhibiting action (see Table XVI). 

Table XVI. 

To show effects of formates on anaerobic growth of B. coli in glucose and pyruv^ate media. 
18 hours' incubation. 

Con('. of glucose x MI200 1 1 1 1 — — — 

Cone, of pyruvat/C x M/40 ■ — — — — 1 1 1 

Cone, of formate x M /40 — 1 2 4 — 1 4 

Relative growths 4 4 4 1 4 4 1-5 

Now it is well known that glucose on breakdown by B. coli produces 
formates, so that perhaps the lack of effect on the addition of small quantities 
of formate to a glucose medium is not surprising. On the other hand, the 
absence of formate action may be real, i.e. formates may definitely have no 
accelerating action. We have investigated the action of formate on glucose 
with the latter at a concentration of M/1400 and still obtained no accelerating 
action. 

Fermentation of pyruvic acid by B, coli. 

Investigation of the products formed from sodium pyruvate when a 
suspension of B. coli is placed in a solution of the latter shows that formates 
are produced in abundance. An examination of the products formed im¬ 
mediately after the pyruvic acid has been fermented indicates that the yield 
of the lower fatty acids and lactic acid does not account for all the pyruvic 
acid fermented. It has now been found that another substance is produced 
during the fermentation. This substance does not give the nitroprusside or 
guaiacol tests for pyruvic acid, but if a solution of it be heated in presence of 
a little alkali it breaks up to yield a solution once more giving the nitroprusside 
and guaiacol reactions. This phenomenon is being investigated further by 
one of us (W. R. W.). 

The production of formate from pyruvate on fermentation by B. coli may 
be a reason why the former in low concentration does not accelerate the 
growth of B. coli on a pyruvate medium. 

^ Formatefl, as is shown later, do not perceptibly accelerate growth on a glycerol-fumarate 
medinm. Such an acceleration would be expected if the formate effect was due to intracellular 
increase in Ph* 
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Interpretation op the formate effect. 

There is little doubt that the action of formates on growth in the lactate- 
fumarate medium is connected with their reducing action in presence of the 
cell; the growth is accelerated. Yet in the case of cysteine or glutathione, where 
again there was little doubt that the effects were connected with the reducing 
action of —SH, the growth was inhibited. It appears to be quite certain 
therefore, as has already been concluded, that the rate of proliferation of 
B. call cannot be directly related to the reducing or oxidising action of the 
medium in presence of the cell. Nevertheless formates at relatively high 
concentrations do inhibit growth and this inhibition is not due to toxicity as 
can be shown by introducing nitrates into the medium when growth is found 
to be accelerated. Formate shares this inhibitory action at relative high con¬ 
centration with similar high concentrations of lactate, succinate or —SH, and 
it seems quite possible that this action is due to a high reduction potential 
being set up which may be neiffcralised by the presence of nitrates or of oxygen. 

Formates are therefore abnormal in exerting a marked accelerating action 
at relatively low concentrations on the growth of B. coli. It should be possible 
to account for this phenomenon on the views w^hich have been put forward 
to explain the results observed with succinate and with —SH. 

This can quite easily be done when it is remembered (1) that the energy of 
oxidation of formate is nearly that of hydrogen itself, 

H. COOH + COOH. CH: CH. COOH 

- CO 2 + COOH.CH 2 .CH 2 .COOH + 28 Cal. 
and (2) that formates are extremely active donators of hydrogen (in presenc(^ 
of B. coli) even at low concentrations. 

It will be recalled that in interpreting the action of —SH on lactate- 
fumarate media and glycerol-fumarate media the suggestion was made that 
although the —SH brought about decreased rates of oxidation of lactate and 
glycerol, the energy production in the latter case was sufficiently large, but 
in the former case not sufficiently large, to allow the normal rate of prolifera¬ 
tion to occur. It was assumed that sufficient pyruvate was produced for the 
organism’s needs. The same suggestion may be made to account for the effects 
of formates. The formate may indeed have the effect of lowering the rate of 
oxidation of lactate, but, so long as this is not lowered so far that there is 
insufficient pyruvate produced for synthesis, the greatly increased energy 
production due to the oxidation of the formate itself would bring about the 
increased rate of growth. Thus formates should exhibit a maximum effect in 
their accelerating action, as is actually observed in experiment. 

This explanation will account also for the accelerating action of formates 
on the anaerobic growth of B. coli on lactate-malate and lactate-aspartate 
media. Both malates and aspartates are hydrogen acceptors in presence of 
B. mli, though feeble compare^ with equal concentrations of fumarate. The 
fact that formates induce anaerobic growth on fumarate or malate alone is 
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explained when it is recalled that both fumarate and malate serve as nutri¬ 
tional sources of carbon in the presence of air or of nitrates. Presumably 
fumarate and malate can undergo self oxidation and reduction each giving 
rise to succinate and pyruvate (by decarboxylation of oxalacetate) and the 
presence of formates yield sufficient energy by their oxidation to make anae¬ 
robic growth possible. Formates will not induce anaerobic growth of B, coli 
on succinate, or lactate or glycerol or on mixtures of these substances. 

This view can be put to further test. Clearly if the formate action is simply 
connected with the energy of oxidation of formate, the addition of a formate 
to a glycerol-fumarate medium should not have the same accelerating action 
as is observed in a lactate-fumarate medium. This is found to be the case (see 
Table XVII). 

On these lines too we may account for the apparent absence of accelerating 
action of formates on growdh in glucose and p 3 rruvate media. 

Table XVIL 

To show the effects of formates on anaerobic growth of B. coli on glycerol-fumarate media. 
18 hours- incubation. 

("one. of glycerol x 3//20 11 1 — — — 11 1 

Cone, of fumarate > df/2<) — — — 11 111 1 

Cone, of formate x 31/40 — 0-25 1 — 0*25 1 — 0*25 1 

Relative gn)wths 0 0 0 0 1 1 3 3 3 

A COMPARISON OF B. COLI WUTH B, SPOHOGENES, 

It is interesting at this stage to compare these two organisms. 

Growth of B. sporogemts appears to depend on the acquirement by the 
cell of a reduction potential of such a value that certain oxidations can be 
eliminated^. But it should be emphasised that it is not the magnitude of the 
potential which is of great significance; it is the fact that the substance re¬ 
sponsible for this potential can reduce quickly enough to prevent certain 
oxidations (say by oxygen) bringing about a disturbance in the sequence of 
events which results in proliferation. If we could imagine the cysteine in a 
medium capable of supporting the gi’owth of B. sporogencs to be entirely metal- 
free, we should expect no proliferation to occur in spite of the fact that metal- 
free cysteine has a high reduction potential [Harrison and Quastel, 1928]. The 
presence of —SH in a cell might prevent the oxidation by molecular oxygen 
of some grouping or constituent vital for the normal sequence of reactions in 
the cell. But this protection w^ould depend not so much on the potential 
secured by the —SH as on the velocity of reduction due to the sulphydryl 
compoimd. The two, potential and velocity, are connected with each other 
(being both dependent on the concentration)—but the magnitude of the 
velocity will depend on the nature of the body catalysing the activity of the 
—SH. 

Anaerobic growth of B, coli is inhibited in a lactate-fumarate medium by 
the presence of —SH. This we have suggested is due to the decrease in velocity 
^ Thus — (e,g, cysteine) will induce growth of B, sporogenes even under aerobic conditions. 
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of oxidation of lactate due to the presence of —SH. In effect the —SH com¬ 
petes with the lactate for the reduction of the fumarate. A definite velocity of 
oxidation of lactate—or of glycerol—is necessary for the proliferation of 
B, ooliy and all the effects of snccinate, —SH, and formate can be consistently 
interpreted on this view. The anaerobic growth of B, coli, as has been stated 
in earlier papers [Quastel, Stephenson and Whetham, 1925; Quastel and 
Stephenson, 1925] is not in any way fundamentally different from its aerobic 
growth^. 


Summary and conclusions. 

We have examined the effects of three substances, succinate, cysteine 
(with which are associated glutathione and thioglycollate) and formate on 
the anaerobic growth of B. coli, particularly in a lactate-fumarate medium. 
The first substance is known to be specifically associated for its activation 
with the fumarate enzyme; the second is independent of the cell for its re¬ 
ducing action and can act in a homogeneous phase; and the third is dependent 
on the cell for its reducing action but is independent of the lactate and fum¬ 
arate enzymes. 

It is now shown that: 

(а) Succinate inhibits the anaerobic growth of B. coli in the lactate- 
fumarate medium. The effect may be accounted for by its competition with 
fumarate for its enzyme but it is possible that part of the effect may be 
attributed to its securing a high reduction potential within the cell. 

(б) Cysteine (or —SH) inhibits the anaerobic growth of B. coli in the same 
medium and the effect is accounted for by its inhibiting action on the velocity 
of oxidation of the lactate. This may be considered a true reduction potential 
phenomenon but it is emphasised that the effect is due rather to the speed of 
reduction by the —SH than to the magnitude of the reduction potential it 
secures. 

(c) Formate at relatively low concentrations (when it is, however, highly 
reducing) increases the rate of proliferation of B, coli in a lactate-fumarate 
medium and this is accounted for by the rapid oxidation of formate with high 
energy yield. All the other evidence given supports these conclusions. 

We may now attempt to answer the question we have set ourselves: 
does the growt.h of the cell depend on the reduction or oxidation intensity, 
on the of the environment? We feel justified in concluding from these 
experiments on succinate, —SH, and formate that the rate of growth of 
B. coli is not dependent on the oxidation or reduction intensity of its 
environment. Relatively high concentrations of these substances do produce, 
however, a similar inhibitory action on the anaerobic growth of B. coli and 

^ It le worth eiuphaeising that oxygen is simply one of a number of hydrogen acceptors, each 
possessing its characteristic properties and each important from the point of view of cellular 
metabolism. It is a study of all hydrogen acceptors, which induce growth, not only that of 
oxygen, which is essential if a true picture of the normal life of the cell is to be obtained. 
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it is possible that with these concentrations certain limiting conditions are 
secured above which growth cannot take place. These conditions are as¬ 
sociated probably more with kinetic considerations than with potential for 
it is not BO much the magnitude of a reduction potential which is of 
significance as the activity or reducing power of the substance responsible 
for the potential. Cysteine, for instance, gives a high reduction potential 
but its reducing power (velocity of reduction) is greatly dependent on the 
presence of traces of metals which have little or no effect on the magni¬ 
tude of its potential. 

It is with the greatest pleasure that we express our gratitude to Sir F. G. 
Hopkins for the interest he has taken in this work. 
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XVIIL PROTEIN METABOLISM IN CYSTINURIA. 

By william ROBSON. 

From the Biochemical Laboratory, Departme^it of Therapeutics, 
University of Edinburgh, 

(Received January 2nd, 1929,) 

With regard to the anomaly of protein metabolism as seen in cystinuria, two 
schools of thought exist. On the one hand, Folin and his co-workers believe 
that there is but one type of the derangement, although it is capable of 
exhibiting varying degrees of severity. On the other hand, Neuberg considers 
that the condition is of three kinds, and that, whilst the presence of cystine 
in excessive quantities in the urine is characteristic of all its phases, yet it 
may be accompanied in some cases by tyrosine and leucine, and in others by 
putrescine and cadaverine. These very divergent views give the subject a 
complex aspect, and create, moreover, the difficulty of evolving a working 
hypothesis which might serve as a basis for the re-investigation of a problem 
not only of practical but of theoretical importance in that its elucidation would 
probably throw light on our present conceptions of normal protein metabolism. 
For these reasons further studies of individual cases aj^pear necessary. 

The present study arose from the admission to a ward of the Royal 
Infirmary, Edinburgh, of a patient with the following clinical history. 

“Patient when seen was aged 23. In June, 1926, early one morning she 
was seized with a very acute pain in the left side of the abdomen. It w^as so 
severe that she had to get up from bed and walk about. This pain lasted for 
three or four hours very severely, and gradually passed off during the next 
two days. A good deal of vomiting was present when the pain was at its worst. 
Micturition caused an exacerbation of the pain. So far as she is aware she has 
never passed any calculi or gravel. No jaundice was present during the attack. 

“ Special interest was taken in the case because of the strong family history 
of the disease, several members having "already died from the consequences of 
this disturbance. 

“Apart from an operation for apj^endicitis in 1925, the patient had had 
no other illnesses. She was to all appearances a normal healthy girl.^’ 

Cystinuria is classified by Garrod as one of the “inborn errors of meta¬ 
bolism’’ and in this connection the reference in the above clinical notes to 
the occurrence of the derangement in other members of the family is highly 
interesting. The genealogical tree of the patient has been investigated so far 
as it was possible to do so, and it was found to illustrate very clearly the 
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hereditary aspect of the anomaly. Although there are, it is to be regretted, 
some gaps in the tree about which no information can be gained, nevertheless, 
since such records in the literature are not numerous, it is thought worthy 
of inclusion here (Fig. 1). The position of the subject of the present study in 
the family tree is indicated by the encircled figure, while crosses show the 
existence of members concerning whom no information is available. 


X 



■ # Male and female cystinurics respeotiTely. 

Fig. 1. 


Aim of the investigation. 

The original object of the present investigation was to test by urinary 
analysis the dietary methods advocated by various workers in this field for 
the treatment of cystinuri(‘-s in an endeavour to ameliorate the condition of 
the patient in whose family several deaths, apparently attributable, directly 
or indirectly, to the derangement, had occurred. While the work was in pro¬ 
gress, however, the patient displayed such keen interest in her case that the 
scope of the investigation was greatly extended and additional feeding experi¬ 
ments carried out in order to gain further information regarding the location 
of the disturbance. The experiments herein described may be briefly summarised 
as follows. 

1. Hospital diet- control, 

2. Hospital diet plus sodium bicarbonate. 

3. ,, ,, disodium hydrogen phosphate. 

4. ,, ,, cystine. 

5. ,, glutamic acid. 

6. Low protein cliet containing a minimum amount of cystine. 

7. High protein diet. 

Each experiment was followed by an interval during which the patient was 
placed on the normal hospital diet in order to stabilise her metabolism so far 
as gossible before the next experiment was carried out. 
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Method. 

Throughout the whole of the period of investigation the protein content 
of the diet was carefully controlled so that the results obtained from the 
analyses of the urine during the different experiments might be comparable. 
Even under such conditions fluctuations occur and are difficult to explain. 
The urine was collected under toluene in 24-hour samples and on these 
estimations of the total nitrogen (micro-Kjeldahl), ammonia (aeration), urea 
(urease), inorganic, ethereal and neutral sulphur (Fiske), amino-nitrogen 
(Folin) and cystine (Looney) were performed. The method of estimating the 
cystine requires comment. In most of the recorded investigations of cystinuria 
the amount of urinary cystine was determined either by its actual isolation 
from a concentrated urine [Gaskell, 1907] or by calculation based on the 
assumption that the increase either in the neutral sulphur itself fAlsberg and 
Folin, 1905] or in the ratio of neutral sulphur to total sulphur [Mester, 1879] 
was due to the excretion of cystine as such. Such methods can scarcely be 
regarded either as being simple or accurate. For our present purpose, however, 
the colorimetric method devised by Looney [1922] was available, and, since 
preliminary attempts at the quantitative recovery of purified cystine added to 
both normal and cystinuric urines gave satisfactory results, the method was 
used throughout the investigation. While the later stages of the work were in 
progress a modification by Hunter and Eagles (1927] of the original method 
of Looney was published. The replacement of sodium carbonate by sodium 
hydroxide as one of the reagents in the method certainly eliminates the 
possibility of cloud” formation which occasionally occurs when the original 
method is used. Nevertheless the results obtained by both methods on the 
same solutions of cystine do not differ outside the limits of colorimetric 
methods of estimation. 

At intervals, estimations of the non-protein-nitrogen, urea and chloride 
were carried out on samples of blood taken from the patient. 

In addition to this quantitative vrork, qualitative tests on the urine, some¬ 
times concentrated under reduced pressure, for tyrosine, leucine, cadaverine 
and putrescine, were performed. On numerous occasions, moreover, the 
patient’s faeces were examined for the presence of the last-named two sub¬ 
stances. 


Analysis of results. 

1. Hospital diet. Before the main feeding experiments were attempted it 
was essential to discover how far the patient’s metabolism could be stabilised, 
especially with regard to the excretion of cystine. For this purpose the patient 
was kept in bed and given a convalescent diet yielding on an average 1750 
calories. The results obtained during the latter end of this period, given in 
Table I, show that the cystine output varied considerably from day to day 
and bore no relation to the total nitrogen in the urine. A possible reason for 
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this fluctuation was thought to lie in the varying quantity of cystine in the 
diet, and although it is impossible to eliminate entirely this amino-acid from 
the food, a dietary containing the minimum amount of cystine was fed during 
the remainder of the investigation. Reference will again be made to this 
point when the results of the experiments with the low and high protein diets 
(Exps. 6 and 7) are considered. 

2. Hospital diet plus sodium bicarbonate. One of the methods advocated by 
different workers from time to time for the treatment of cystinurics has been 
the administration per os of sodium bicarbonate, the purpose being to render 
the urine strongly alkaline and so diminish, owing to the increased solubility 
of cystine, the liability of the formation of concrements in the urinary tract. 
Instances, however, are on record where such treatment even resulted in the 
actual reduction of the amount of cystine excreted. Thus Klemperer and 
Jacoby [1914] found that on feeding sodium bicarbonate the excretion of cys¬ 
tine gradually fell to.zero only to recur when the use of this drug was stopped. 
More recently Looney et al. [1923] showed that the administration of 15-20 g. 
of sodium bicarbonate per day produced a definite fall in the amount of 
cystine excreted, and that this was accompanied by a marked disturbance in 
the distribution of the sulphur in the urine, indicating that the alkalosis 
produced had a definite influence on the course of protein metabolism. 

As will be seen from Table II, which gives the results of one of several 
feeding experiments with sodium bicarbonate (23-4 g. per day), the findings of 
the latter workers could not be confirmed. The immediate effect was an increase 
in the amount of cystine excreted followed by a decrease to a figure a little 
lower than the original one. An increase in the neutral sulphur fraction took 
place though this is possibly related to the increased elimination of total 
nitrogen. It may be considered that the preliminary increase was due to the 
solution of cystine previously lodged in the urinary tract, but such an idea 
cannot be seriously entertained since similar rises occurred in three different 
experiments following one another at short intervals. 

3. Hospital diet plus disodium hydrogen phosphate. The use of disodium 
hydrogen phosphate in preference to sodium bicarbonate for the purpose of 
producing an alkalosis is advocated by some workers, and an experiment was 
carried out on the lines of the preceding one with this compound. 6 g. were 
fed per day. On November 26, four days after the experiment started, the 
urine was definitely alkaline. At that point, however, there was a distinct fall 
in the amount of urea and total nitrogen exerted, a fact which is diflGlcult to 
understand since the alkalinity produced by the sodium bicarbonate in the 
previous experiment was accompanied by a rise in the excretion of both of 
these components. Moreovet so far as the excretion of cystine is concerned the 
use of disodium hydrogen phosphate offers no advantages over that of sodium 
bicarbonate. Results obtained during this experiment are given in Table III. 

4. Hospital diet plus cystine. It has long been known that the C3rptinuric 
could oxidise a certain amount of ingested cystine to inorganic sulphate. 
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Little work of a quantitative character, however, has been done on this aspect 
of the problem. Moreover, with the view of attempting to find whether there 
was a peak in the ability of the patient to oxidise cystine given in this way, 
increasing amounts were given starting with 2 g. on November 16, and ending 
with 8 g. on November 19, so that a total of 20 g. of cystine were fed during 
the period of 4 days. 


Pi'otein g. 


66 


65 70 


74 74 


74 


60 


67 



Fig. 2. 

Analysis of the results obtained during the period covering this experiment 
(Table IV) shows that, assuming 0*60 g. (excreted on the days immediately 
preceding and following the period of the experiment) as the average amount 
of inorganic sulphate normally excreted, the additional inorganic sulphate 
eliminated during the feeding experiment was 11*5 g. This could only have 
arisen from the 20 g. of cystine fed, an amount which, theoretically, should 
yield 13-5 g. pf inorganic sulphate. Hence some 85 % of the cystine admin¬ 
istered must* have been decomposed, a result which definitely shows that in 
this case at least the mechanism of the processes of oxidation of the cystine- 
sulphur is not at fault. Moreover, from the shape of the curve (Fig. 2) of the 
excretion of inorganic sulphate, it is apparent that the peak of the ability of 
the patient to oxidise cystine fed by the mouth had not been reached. It is 
to be noticed that there is no increased elimination of cystine as such during 
the period in question. 
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As will be seen from the results recorded, the increase in the inorganic 
sulphate in the urine is accompanied by a definite increase in the amount of 
ammonia excreted, a coincidence which follows from normal kidney function. 

5. Hospital diet plus glutamic acid. One of the many peculiar features of 
the derangement of metabolism exhibited by cystinurics is the low ratio of 
urea-nitrogen to total nitrogen in the urine, and this is clearly seen from the 
results in the various tables to be characteristic of the patient under study. 
This together wuth the fact that there is an abnormal amount of cystine in the 
urine would make it appear at first sight that the processes of deamination 
are not functioning normally. The question then arises whether this abnormality 
is closely confined to the cystine molecule or is suffered generally by the whole 
of the amino-acids of the protein molecule. In order to study this aspect of 
the problem it was decided to feed a second amino-acid, glutamic, of which a 
small quantity was available. Following the lines adopted in the previous 
experiment, this was added to the diet in quantities of 4, 6, 8 and 8 g. on 
successive days. 

From the figures recorded in Table V, it will be seen that the immediate' 
effect was a rise in the total nitrogen and urea-nitrogen excreted, the rise in 
urea-nitrogen easily accounting for the additional nitrogen fed as amino-acid. 
It may thus be concluded that the power of general de^amination is not lacking 
in this patient. 

6 and 7, F^eeding experiments with a low protein diet (6) and with a high 
protein diet (7). The feeding experiments with the amino-acids cystine and 
glutamic acid show beyond doubt that in the case under investigation the 
processes of oxidation and deamination are functioning normally, and that a 
search must be made elsewhere for an answer to the question as to what is th(' 
origin of the urinary cystine and how it escapes the normal processes of meta¬ 
bolism. It has already been shown (Table I) that in attempting to stabilise 
the patient’s metabolism, it was necessary, on account of the large fluctuations 
in the amount of cystine in the urine from day to day, to eliminate so far 
as possible the cystine-rich proteins from the diet. Despite the fact 
that the concensus of opinion appears to favour the view that there is 
no connection between the diet and the amount of cystine in the urine, the 
results of our preliminary feeding experiments did not agree with such a 
conception. To gain further evidence on this point, feeding experiments were 
carried out in which the diet contained firstly only some 30 g. of protein and 
secondly 66-76 g. of the same proteins. The results of these experiments are 
given in Tables VI and VII respectively. That a larger amount of protein was 
absorbed on the high protein diet is readily seen in the higher values of the 
urinary total nitrogen. Accompanying this rise in the amount of protein 
absorbed, however, is a rise in the amount of cystine excreted from 0-71 g. 
(average for 9 days) to M g. (average for 9 days). This rise is large and is in 
almost direct ratio with the additional nitrogen eliminated, so that it is difficult 
to see how the conclusion that the urinary cystine is related to the protein 
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of the diet can be avoided. So long, therefore, as the cause of the anomaly 
remains unknown, it would appear that from the point of treatment cystinurics 
at times of crises should have their dietary protein cut down so far as is prac-* 
ticable, due regard being paid to the question of nitrogen equilibrium. 







Table VI. 
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Urine 
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Date 

cc. 

g- 
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g- 

g- 
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g- 

g- 

Diet 

17. vi. 

1050 

0-159 

1-395 

5-25 

7-5 

J-198 

0-495 

0-105 

0-600 

Low cystine 

19. vi. 

1160 

— 

— 

7-77 

4-76 

1-455 

0-399 

0-2(K) 

0-599 

Protein 30 g. 

20. vi. 

995 

0-229 

3-19 

5-97 

3-72 

1-248 

0-580 

0-209 

0-789 

Calories 150() 

21. vi. 

800 

0-232 

2-48 

4-92 

2-92 

0-816 

0-576 

0-134 

0-710 


22. vi. 

1060 

0-175 

2-86 

4-88 

3-52 

1-059 

0-493 

0 144 

0-637 


23. vi. 

1080 

0-230 

3-24 

5-56 

4-04 

1-256 

0-599 

0-133 

0-732 


24. vi. 

1320 

0158 

3-3 

6-54 

6-13 

1-49 

0-785 

0-175 

0-960 


25. vi. 

1050 

0-229 

4-2 

6-62 

4-68 

1-01 

0-644 

0-105 

0-749 


26. vi. 

835 

0-164 

2-97 

5-05 

3-42 

MO 

0-574 

0-059 

0-633 







Table VII. 





28. vi. 

1150 

0-245 

4-26 

7-02 

6-77 

1-44 

0-573 

0-114 

0-687 

Convalescent 

29. vi. 

1740 

0-254 

5-85 

9-13 

11-2 

2-3 

1-296 

— 

1-296 

Protein 65/75 g. 

30. vi. 

1310 

0-183 

5-11 

7-73 

7-26 

1-66 

1-04 

0-088 

M28 

Calories 1900 

1. vii. 

1420 

0-168 

4-68 

7-95 

8-8 

1-68 

1 19 

0143 

1-333 


2. vii. 

1630 

— 

— 

9-78 

11-92 

2-1 

M57 

0-141 

1-298 


3. vii. 

m 

0-147 

3-01 

4-52 

4-50 

1-03 

0-544 

0-189 

0-733 


4. vii. 

1625 

0-205 

6-5 

9-75 

11-9 

1-82 

1-38 

0-182 

1-562 


5. vii. 

990 

O-IU 

3-47 

4-85 

5-12 

0-971 

0-724 

— 

0-724 


6. vii. 

1395 

0-165 

6-55 

8-44 

8-22 

1-91 

1-18 


1-18 


7. vii. 

1165 

0-792 

3-49 

6-11 

7-07 

M4 

0-65 

— 

0-65 



Occurrence in the urine of tijrosine and leucine, and the diarnine^s, ptitrescine 
and cadaverine. Although various workers have also reported the presence of 
the amino-acids, tyrosine and leucine, and the diamines, putrescine and cada¬ 
verine, yet the search for these two substances has by no means been uniformly 
successful. Nevertheless, the number of cases reported as showing that the 
excretion of abnormal quantities of cystine is only one of the manifestations 
of this derangement of protein metabolism was considered sufficiently large 
to warrant the examination of the patient’s urine for the presence of these 
compounds. On three separate occasions during the progress of the investiga¬ 
tion 3-5 litres of urine were concentrated under reduced pressure. In each 
instance the results were as follows. 

(а) Neither leucine nor tyrosine could be isolated from the concentrate, 
while the colour reaction obtained with Millon’s reagent was no more intense 
than that obtained with a similarly concentrated normal urine, 

(б) Treatment of the concentrate with j8-naphthalenesulphonic chloride 
according to the method of Abderhalden and Shittenhelm [1905] gave a 
gummy precipitate which could not be made to crystallise. 

, (c) Both the benzoylation process of Baumann and Udransky [1889] and the 

phenyl isocyanate method of Loewy and Neuberg [1904] gave amorphous pre¬ 
cipitates which would not crystallise after repeated attempts at purification, 

Biwhem. 1929 xxiii 
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It was concluded, therefore, that none of the above amino-acids or amines 
was present in sufficient amount to permit of the isolation of a crystalline 
derivative. 

Blood estimations. Estimations of the blood urea-nitrogen and non¬ 
protein-nitrogen carried out at different intervals on the patient’s fasting 
blood gave results as follows: urea-N 9*6, 10*0, 9*8 mg. per 100 cc.; N.-P,-N, 
20*0, 20*5, 20*3 mg. per 100 cc. All these figures are decidedly subnormal. 


Discussion. 

The fact that the presence of neither the amino-acids, tyrosine and leucine, 
nor the diamines, putrescine and cadaverine, could be detected in the urine 
of the subject of the present study adds yet one more case to the growing 
number of cystinurics in whom the derangement of protein metabolism is 
limited strictly to the excretion of an abnormal quantity of cystine in the 
urine. Moreover, the results of the feeding experiments with the isolated 
amino-acid, cystine, which show that this compound is quantitatively oxidised 
to inorganic sulphate, confirm the findings of earlier workers in this field, 
f.g. Hele [1909] and Looney et al. [1923], and support the conclusion that the 
cystinuric oxidises cystine fed as such by the mouth in a perfectly normal 
manner. Such a conclusion stands in strong contradistinction to the statement 
of Lewis [1924] that '‘the failure of the organism to oxidise one specific amino- 
acid in cystinuria would support the theory that the processes of deamination 
and oxidation are not the same for all the constituent amino-acids of the 
protein molecule,” for which little, if any, evidence exists at the present 
time. Moreover, the fact that the peak of the curve of the ability of the patient 
to oxidise cystine had not been reached, even when so much as 8 g. per day 
were administered, makes it difficult to understand the suggestion of Hunter 
and Eagles [1927] that "one of the errors of cystinuria lies in the incapacity 
of the liver to handle the cystine normally in reserve there.” That the cystin¬ 
uric can oxidise large quantities of cystine administered orally, together with 
the results of the final feeding experiments showing that, contrary to general 
opinion, the quantity of urinary cystine varies directly with the amount of 
protein fed, would make it appear that "the error” is not one connected either 
with the normal process of oxidation or with the organ in which that process 
takes place. 

Rather would it appear that the disturbance is one closely related either 
to the digestive processes of the organism or to the permeability of the in¬ 
testinal wall. The fact that cystine fed as such is completely oxidised while 
some of the cystine arising from dietary protein escapes oxidation would 
suggest that the amino-acid in the latter case is actually passing from the 
intestinal tract into the ;portal system, not in t;he isolat^ form, as it does 
normally, but as a peptide, and as such escapes the normal oxfdative processes 
of the Uver. Fission of the peptide might result when it reached the tissues 
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and encountered the intracellular enzymes. Cystine would then be liberated 
only to be excreted by the kidney owing to its presence in abnormal amount 
in the blood-stream. 

Such an idea receives other experimental support apart from that included 
in this paper. Blum [1903] found that experimental cystinuria could be 
produced by the injection of cystine into the peripheral circulation but not 
when it was injected into the mesenteric venous circulation. Such facts would 
be met if, in the cystinuric, the passage of the liver was effected by the cystine 
in the form of a peptide, in which it was so linked up that it escaped the normal 
processes of deamination and oxidation. 

A possible solution of the problem of metabolism presented by the cystin¬ 
uric lies in the feeding of complex peptides containing cystine, and it is prob¬ 
able that a more exact knowledge of the action of enzymes- on the protein 
molecule might give a clearer indication of the source of the urinary cystine 
in this type of condition. 

As regards the more practical question of the treatment of cystinurics, it 
would appear that the only safe method is that of cutting down the dietary 
protein of the patient so far as is consistent with the maintenance of nitrogen 
equilibrium. From the results obtained there is nothing to recommend the 
continual use of sodium bicarbonate. 

Summary. 

Evidence is advanced that the cystinuric oxidises cystine to inorganic 
sulphate normally. Neither the amino-acids, tyrosine and leucine, nor the 
diamines, putrescine and cadaverine, could be found in the urine of the patient 
who formed the subject of the present study. 

The amount of cystine in the urine appears to bear some relation to the 
quantity of dietary protein. 

The administration of sodium bicarbonate, but not of disodium hydrogen 
phosphate, to the cystinuric is accompanied by a marked disturbance of the 
sulphur fractions of the urine. Neither of thest^. compounds affects the excre¬ 
tion of cystine to any extent. 

In reporting this work, the author desires to take this opportunity of 
expressing his deep indebtedness to Dr Robert Thin of Edinburgh for facili¬ 
tating the carrying out of this research, and also for providing the exceedingly 
useful information regarding the genealogical tree of the subject. The work 
was carried out with the help of a grant from the Medical Research Council 
which is hereby acknowledged. 
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XIX. A STUDY OF FACTORS SAID TO IN¬ 
FLUENCE THE NITROGEN DISTRIBUTION 
OF GELATIN. 


By FLOYD SHELTON DAFT {Cheney Fellow, Yale University). 

From the Carlsberg Laboratory, Copenhagen. 

{Received December 12th, 1928.) 

Within the past few years, several publications have appeared from the 
Biochemical Department of the Imperial College of Science and Technology, 
London, concerning the effect on the nitrogen distribution of gelatin of 
('ertain preliminary treatments of the protein. In discussing these publications 
and in describing experimental procedures, terminologies which have been 
well established by custom will be employed. By the percentage of a type 
of nitrogen is indicated that part of the total nitrogen of the protein which, 
in the hydrolysate or in a designated fraction of it, appears in this form; 
the basic nitrogen refers to the nitrogen of those compounds which are pre- 
ci])itated, under the defined conditions, by phosphotungstic acid. 

According to Knaggs [1923], if gelatin is allowed, prior to the hydrolysis 
proper, to stand at laboratory temperature with 20 % HCl, a marked increase 
in the percentage of basic nitrogen takes place; the percentage of amino- 
nitrogen is, however, unchanged. He attributes the increase in the basic 
nitrogen to the formation of difficultly hydrolysable polypeptides. 

Knaggs and Schryver [1924] report that while the percentage of basic 
nitrogen remains constant, the percentage of non-amino-nitrogen of the 
filtrate is increased by certain treatments of this protein. In their experiments, 
before hydrolysis proper, gelatin was allowed to stand at laboratory tempera¬ 
ture with N HCl or N NaOH or was heated at 105° with water. The effect 
of the three treatments on the nitrogen distribution of the protein is said 
by the authors to be, in general, the same. In regard to the treatment with 
water, the percentage of non-amino-nitrogen of the filtrate is showm to increase 
gradually with the time of heating until it reaches a fairly constant maximum. 

These two sets of results appear to be somewhat inconsistent. Moreover, 
the results of Thornley [1927], coming from the same laboratory, are in serious 
disagreement with both of them. On the authority of Thornley^s experimental 
results and the curve that he constructed from them, the preliminary treatment 
of the protein with N HCl or N NaOH causes a large increase in the percentage 
of basic nitrogen; preliminary treatment with 20 % HCl, on the other hand, 
causes a smaller increase in this fraction. The former findings are contrary to 
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those of Knaggs and Schryver, the latter are contrary to those of Knaggs. 
In agreement with Knaggs and Schryver, however, Thornley finds that 
heating gelatin with water causes practically no change in the basic nitrogen 
fraction. He finds, further, that subsequent treatment of the same material 
with HCl does not cause an increase of this percentage. Figures for non- 
amino-nitrogen are not included in his published results. 

Finally, Schryver and Buston [1927] attribute the increase in the per¬ 
centage of basic nitrogen, which they observed, to dWysine. The details of 
their isolation of this amino-acid are reported. 

In many cases, we are unable to deduce from these publications the 
number of duplicates which have contributed to the results and the degree 
of agreement of these duplicates. There are, in addition, various inconsistejicies 
in the conclusions drawn from the experimental work. The investigators agree, 
however, that the nitrogen distribution of gelatin is altered by preliminary 
treatment of the protein with acid or alkali. Were this fully established, it 
would be necessary to conclude that the protein molecule is much more labile 
than has been hitherto supposed. The figures appearing in the literature as 
nitrogen distribution numbers could not, moreover, be regarded as definite 
for the proteins in question. In view of the importance of these data, Professor 
Sorensen suggested to the writer that an investigation of the subjec*t be 
carried out. The results obtained by this investigation show no change in 
nitrogen distribution due to preliminary treatment of gelatin with acid or 
alkali, and fail, accordingly, to support the principal contention of the 
investigators mentioned. 

Experimental. 

In order to become thoroughly familiar with the methods of analysis and 
to investigate certain parts of the procedure, we carried out twenty pre¬ 
liminary nitrogen distribution experiments. The samples of gelatin used for 
these analyses were divided into groups on the basis of the treatment given 
them prior to the hydrolysis proper. Of the results, only those which pointed 
the way to the experimental method adopted are mentioned. The nitrogen 
distribution numbers recorded in Table IV under their group headings 
(A, B, C and D) are derived from twelve later analyses of gelatin. The details 
of the method used for obtaining and classifying them are given below. The 
, conclusions to be drawn from the two sets of experiments are the same but 
the earlier ones were carried out on smaller amounts of material. 

Treatment and hydrolysis of gelatin. 

The different treatments with acid and alkali accorded to gelatin by 
Knaggs and by Schryver were duplicated as closely as was compatible with 
obtaining uniformity of samples. To obtain the desired uniformity, the protein 
was dissolved in hot water, care being taken to obtain a homogeneous solution. 
The ratio by weight of gelatin to water was approximately 11 : 100, 100 cc. 
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portions of the hot solution were pipetted into flasks and weighed. Upon 
the cooling of the material, gels formed. 

The total nitrogen per gram of solution was determined on a separate 
sample. 20 cc. were diluted to a volume of 500 cc., and portions of the dilute 
solution were analysed. Here, and wherever possible in subsequent steps of 
the procedure, solutions and the parts of them used for analysis were weighed. 
Where this was not feasible, a method of calibration was employed. 

The preliminary treatments of the 100 cc. samples are described in the 
following paragraphs. The concentration of HCl in each of the solutions was 
brought to 20 % before the hydrolysis proper of the gelatin, which was 
accomplished by boiling the acid solution for 24 hours. Hang-in reflux 
condensers were used. 

Group A. No preliminary treatment. The gel was liquefied by heat and the 
resulting solution heated almost to boiling. A hot solution of HCl was added 
and the gelatin immediately hydrolysed. 

Group B. Treatment with N NaOH. The gel was liquefied by heat and 
a solution, containing the calculated amount of NaOH, was added; the flask 
was thoroughly shaken and at once plunged into a cooling-bath. The mixture 
was allowed to stand for 24 hours at room temperature. At the expiration 
of this time, a hot solution of HCl was added and the gelatin was at once 
hydrolysed. 

Group C, Treatment with N HCL The gel was liquefied by heat and a 
solution containing the calculated amount of HCl was added. The procedure 
given for Group B was then followed except that the time of standing was 
48 hours. 

Group D. Treatment with 20 % HCl. The gel was liquefied by heat, a 
solution of HCl of proper strength was added and the flask was plunged into 
a cooling-bath. As soon as the mixture had stood for 24 hours at room tem¬ 
perature, the gelatin was hydrolysed. 

Group A, then, consisted of controls, approximately 10 g. of protein being 
hydrolysed by some 25 times its weight of 20 % HCL The members of Group B 
differed in that, prior to the hydrolysis proper, they were allowed to stand 
for 24 hours with N NaOH and in that the hydrolysis was accomplished in 
the presence of NaCl. The members of Group C differed from the controls in 
that they were allowed to stand for 48 hours with N HCL and the members 
of Group D^in that they were allowed to stand for 24 hours with the acid used 
for hydrolysis. 

Comparison with the publications of Knaggs and of Knaggs and Schryver 
will show the similarity of the experimental conditions. The chief point of 
difference is that, in our experimrents, the gelatin was first heated for a short 
time with water. According to Knaggs and Schryver, any noteworthy change 
in the protein, due to this treatment with water, would make itself apparent 
by an increase ii^ the percentage of the non-amino-nitrogen of the filtrate. 
It is extremely unlikely that such an increase would be compensated by 
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a corresponding decrease in the non-amino-nitrogen of the precipitate, par¬ 
ticularly since the total nitrogen of the latter fraction was reported by Knaggs 
and Schryver as remaining unchanged. A change in the protein should, con¬ 
sequently, be accompanied by an increase in the percentage of total non- 
amino-nitrogen. 

To make certain that such a change had not occurred, a control determina¬ 
tion was carried out. Gelatin was dropped into boiling HCl and hydrolysed 
and the ammonia and humin were removed from the hydrolysate. Portions 
of the residue were used for determinations of total nitrogen and of amino- 
nitrogen. By the formaldehyde titration, 17*81 % and by the nitrous acid 
method, 27-80 % of the total nitrogen of the hydrolysate was in the non-amino- 
form in this residue. Corresponding figures for the members of Group A average 
17*82 % and 26*97 % respectively. From the non-amino-nitrogen test of 
two of the above investigators, then, it would seem that our treatment with 
water did not greatly alter the protein material. Our preliminary treatments 
of gelatin should, consequently, be justly comparable to theirs. 

To make sure that no errors would arise from incomplete hydrolysis of 
the protein, the method adopted was compared with hydrolysis for 1| hours 
in the autoclave at approximately 160^. Samples hydrolysed in the autoclave 
gave no greater figures for amino-nitrogen but higher figures for ammonia- 
nitrogen than those hydrolysed at ordinary pressures. Hydrolysis at ordinary 
pressures for 24 hours,was, therefore, deemed sufficient. Since the figures 
for ammonia-nitrogen obtained by these experiments are needed for a part 
of the discussion in the next section, they are given in Table 1. 

Table I. 

Hydrolysis % of total N as amraonia*N 

Ordinary pressure: 20 % HCl 1-40 (average of 8 tleternimations) 

Autoclave: 10 % HCl 2-27 (average of 6 determinations) 

Autoclave: 20 % HCl 2*81 (average of 6 determinations) 

Maximum de\dation of an individual figure from any average: 0*30 % of total nitrogen. 


Determination of ammonia-nitrogen. 

For the removal of ammonia, MgO and boiling at ordinary pressures, CaO 
and boiling at low pressures, and NaOH and aeration have been used by 
different investigators. The first and second of these methods, however, have 
been severely criticised. As noted by Jodidi and Moulton [1919], MgO, in 
-.excess of that required to release the ammonia and saturate the solution, 
occludes some nitrogen-containing substances other than those correctly given 
the name of humin. The amount of nitrogen occluded is roughly proportional 
to the amount of excess MgO and tTie substances are not removed by washing 
the oxide with hot water. Our results confirm this observation. The larger 
the amounts of MgO used, the higher are the apparent values for humin- 
nitrogen. Although it has not been tested, it is likely that CaO as well causes 
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an error at this point. Treatment of the excess oxide with HCl before filtering 
should, by giving soluble products, eliminate this error. 

The MgO and CaO procedures, as originally presented, must be criticised 
on another count. As will appear in the section on precipitation with phospho- 
tungstic acid, the amount of inorganic salt introduced into the solution of 
amino-acids should be known. The original oxide methods are unsatisfactory 
in this respect. Thimann [1926] gives a thorough discussion of this point. 
Although his conclusions are to the contrary, it seems to us that this offers 
a second important reason for treating the excess oxide with HCl. If a known 
amount of oxide is added to the hydrolysate and this oxide is completely 
changed to the soluble chloride, it is self-evident that the amount of salt 
introduced into the solution can quickly be calculated. 

Owing to the fact that cystine is not present in the hydrolysate from gelatin, 
the question of its decomposition by heating to 100'' in alkaline solution need 
not be considered. Either of the oxide methods, altered as indicated, should 
be adequate to the purpose at hand. For this particular investigation, how¬ 
ever, it was not judged advisable to make use of either of them. NaCl was 
earlier introduced into the members of Group B by the preliminary treatment 
of the protein samples with NaOH and the subsequent acidification. Compli¬ 
cation of matters by the introduction of a second salt was not desired. This 
consideration limited us to a procedure involving the use of NaOH. 

In the MgO method, the hydrolysate is heated to 100° in alkaline solution. 
Such a practice should be as permissible in any other method, provided that 
the jojj of the solution be no higher, a factor which may be controlled by the 
use of the proper indicator. The procedure finally adopted entails the use of 
NaOH and boiling at ordinary pressures, the being controlled by titration 
of the solution with phenolphthalein as the indicator. Before its adoption, 
it was compared to the MgO method. The results of this comparison are given 
in Table II. From them, it may be seen that the amounts of ammonia obtained 
by the two methods do not greatly differ and that the addition of several 
millimols of NaOH in excess of the proper amount does not markedly affect 
the results. 


Table 11. 


% of total N 
as ammonia-N 

MgO (g.) (average of duplicates) 

:5 1*32 
4 . 1*35 


1*6^^ NaOH (cc.) 

54 

55 
50 
57 
00 
65 


1-32 

1-34 

1-30 

1-36 

1-39 

1-40 


Maximum deviation from any average: 002 % of total nitrogen. 
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The method was applied as follows. A hydrolysate, after being twice con¬ 
centrated to small volume on the steam-bath to remove HCl, was introduced 
into a 1-5 litre flat-bottomed flask and a few drops of phenolphthalein were 
added. The solution was then titrated with NaOH to a distinct pink. Addi¬ 
tional NaOH, sufficient in amount to react with the ammonium chloride 
present, w^as added and the ammonia boiled off. Immediately after the 
removal of the ammonia, the solution was acidified with HCl, a procedure 
designed to stop any decomposition of amino-acids. It is unlikely, however, 
that with either this or the MgO method there is a complete absence of 
amino-acid decomposition. In a series of eight determinatiqns with MgO, 
water was added to the residue from the usual distillation and a second dis¬ 
tillate was collected and analysed. The ammonia-nitrogen, obtained from 
the second distillation, averaged 0*07 % of the total nitrogen of the protein. 
Although these results imply that the treatment is too drastic, the error 
indicated is small when compared to the total error of the determination. 

As may be seen from Tables I and IV, the figures obtained for the ammonia- 
nitrogen of analogous solutions vary greatly. On the other hand, duplicate 
analyses of a single solution, as given in Table II, show no such variation. 
From Table I, it may further be seen that difierent conditions of hydrolysis 
give rise to ammonia-nitrogen values of different magnitude. This was re¬ 
marked for a number of proteins by Henderson [1899] and for gelatin by 
Denis [1910], These observations, taken together, suggest that a lack of 
constancy of the ammonia-nitrogen figures in duplicate nitrogen distribution 
experiments is due to differences at present uncontrollable in the conditions 
of hydrolysis of the protein samples. 

Determination of humin-nitrogen. 

The residue, after the distillation of ammonia and the subsequent acidifica¬ 
tion, was filtered 4nto a 250 cc. vo|umetric flask and the filter-paper wavS 
thoroughly washed. The precipitate was analysed and the result recorded 
as humin-nitrogen. 

The filtrate was made up to a volume of ^50 cc. and parts of it were used 
for determinations of amino-nitrogen and of total nitrogen and for the pre¬ 
cipitation of the bases with* phosphotungstic acid; one 5 cc. portion was titrated 
to neutrality. The figure obtained by this titration is of value in adjusting 
any sample to a definite acid concentration. This adjustment is necessary 
before the decolorisation for the formaldehyde titration and in the pre- 
, paration of the solution for the precipitation of the bases. 

i * 

Determination of amino-nitrogen^. 

By the nitrous add method. This was carried oult)n 5 cc. samples according 
to the methcd of Van Slyke [1912], except that the sample was introduced 

1 When this investigation was carried out (spring 1^27), the method of Linderstrom-Lang 
11927, 1928] was not elaborated. 
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by means of a calibrated pipette as recommended by Plimmer [1924]. The 
temperature was always 20° or more, so a reaction time of 30 minutes was 
allowed. 

By the formaldehyde titratioyi. This was carried out according to the 
directions of Jessen-Hansen [1923], with a modification, used in the Carlsberg 
Laboratory and involving the substitution of bromothymol blue for litmus 
paper as the indicator in the neutralisation. The use of separate samples for 
neutralisation and for titration with formaldehyde is thus necessitated. 

A 70 cc. portion of the solution of amino-acids was used for the decolorisa- 
tion and, of the resulting 100 cc., 40 cc. were used for the treatment to remove 
COg. Of the 50 cc. of COg-free filtrate, two 20 cc. portions were used for the 
analysis itself. 

Precipitation with phosphotunystic acid, 

Thimann [1926] reported that the precipitation of the bases with phospho- 
tungstic acid is influenced by the concentrations of salts and of the mineral 
acid. Our results confirm these observations but were obtained under some¬ 
what different experimental conditions and are, consequently, of a different 
magnitude. The results of these control experiments are given in Table III. 



Table III. 

Approximate molarity in 

N (mg.) in precipitate 
(average of duplicates) 

KaCl 

MgCl, 

HCl 

0-01 

— 

1-2 

13-6 

0-44 

-- 

1-2 

15-2 

0-87 

— 

1-2 

16-5 

001 

0-25 

1*2 

14-7 

001 

0-50 

1*2 

15-5 

001 

— 

23 

144 


Total nitrogea of ea<5h sample: sT- 2 mg. 


For the basic figures of two series of nitrogen distribution numbers to be 
strictly comparable to each other, then, the concentrations of acid and of 
salts in the solutions used for precipitation with phosphotungstic acid must 
be the same. The concentration of acid may easily be controlled by the 
determination of the acidity of each solution and by the addition of an amount 
of acid sufficient to bring the total concentration to the required figure. 
Control of the salt concentration may be accomplished by the use for hydrolysis 
of protein samples of equal or of known salt content, by ascertaining the 
amounts of salt introduced into the solution at any point in the procedure, 
and by a final adjustment of each solution to a definite salt concentration. 
The magnitude of the fluctuations in the basic fraction to be expected from 
a failure to control the concentrations of acid and of salt may be calculated 
from the figures in Table III. For this investigation, they would have been 
perceptibly. The*concentrations of NaCl in the 200 cc. precipitating solutions, 
arising from the NaOH used for boiling off the ammonia, varied from 0*33 N 
to 0'38 M- The acidity of the solutions varied from 0*07 N to 0*14 N, 
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The concentration of nitrogen, also, in each of the solutions used for 
precipitation of the bases should be kept at a constant value. This is amply 
demonstrated by the work of Kernot and Knaggs [1928], which is well sup¬ 
ported by theoretical considerations. Van Slyke [1911] recognised that the 
phosphotungstates of the bases have solubilities great enough to be of im¬ 
portance. These solubilities have not been determined in the presence of known 
amounts of salts. 

Lastly, the solution in which the precipitation of phosphotungstates is 
taking place should be kept at a definite temperature and a definite time 
should be allowed for the precipitation. A variation in the solubility of 
phosphotungstates with temperature was reported by Gortner and Hoffman 
[1925] and this variation was confirmed by Kernot and Knaggs [1928]. Our 
results, also, afford a confirmation. Two filtrates from 48-hour precipitations 
at 18° were allowed to stand an additional 48 horn's at 4°. Additional pre¬ 
cipitates, the nitrogen of which averaged 2-45 % of the total nitrogen of the 
protein, were obtained. Plimmer and Rosedale [1925] reported that the 
percentage of basic nitrogen is influenced by the time allowed for the pre¬ 
cipitation to take place. 

For our experiments, the volume in which each precipitation was allowed 
to take place was 200 cc., the concentrations of HCl and NaCl were 1*0 N and 
0*75 N respectively; and the nitrogen in the solution before precipitation was 
900-908 mg. Forty-eight hours were allowed for each precipitation to take 
place and the temperature of the solutions during this period was 18°. 

In preparation for this precipitation, 150 cc. of the solution of arnino-scids 
were introduced into a 300 cc. Erlenmeyer flask and the calculated amounts 
of HCI, NaCl and water were added. The solution, the volume of which at 
this point was 190 cc., was now heated almovSt to boiling and 15 g. of phospho- 
tungstic acid in 10 cc. of solution were added. The flask was then allowed to 
stand for 48 hours in a thermostat at 18°. The precipitate of phosphotungstates 
appeared only after the solution began to cool. If the precipitate was allowed 
to form in the cold, it was found almost impossible to redissolve it by heating. 
Further, its manipulation was difficult and the results were erratic. 

Filtration and washing of precipitate. The precipitate was collected and 
washed according to the method of Van Slyke [1915], except that the amount 
of solution used for washing was carefully controlled, as recommended by 
Plimmer and Rosedale [1925], For the amount of precipitate with which we 
were dealing, five 20 cc. portions of the wash liquid recommended by Van 
Slyke, cooled to about 0°, appeared to be satisfactory, and this amount was 
accordingly adopted as a standard. 

Treatment of the preci^pitate. The precipitate was dissolved in approximately 
N NaOH as directed by Plimmer and Rosedale. Of the resulting 100 oc., 
10 or 20 cc. portions were used for the determination of total nitrogen. The 
remainder was used for the determination of amino-nitrogen by one of the 
methods mentioned above. For the nitrous acid method, 10 cc. samples were 
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used. For formaldehyde titrations it was necessary to remove the phospho- 
tungstic acid and to make sure that the solution was free from COg. From 60 
to 80 cc. the phosphotungstic acid was removed by the BaClg method of Van 
Slyke [1911], after which the solution was acidified and evaporated to a small 
volume on the steam-bath. It was then given the treatment outlined by 
Jessen-Hansen for the removal of COg, by which the last traces of phospho¬ 
tungstic acid also were removed. Finally, the solution was filtered into 
a 50 cc. volumetric flask and two 20 cc. portions were used for the analysis. 

Treatment of the filtrate. The filtrate and washings were transferred to a 
500 cc. volumetric flask and diluted to volume. 20 cc. samples were used 
for the determination of total nitrogen. From 250 cc. phosphotungstic acid 
and COg were removed in the same manner as above and the solution of 
amino-acids was filtered into a 100 cc. volumetric flask. Of this, two 20 cc. 
portions were used for the formaldehyde titration and 5 cc. samples were 
used for the nitrous acid treatment. 


Discussion of results. 

The results of these experiments are given in Table IV. From them, it 
can hardly be concluded that preliminary treatment of gelatin with acid or 
alkali affects the nitrogen distribution. The possible exception is that the 
increase in the percentage of ammonia-nitrogen observable in the members 
of Group B may be due to the preliminary treatment of the protein with 
alkali. That this may not be the correct interpretation, however, is indicated 
by the statements of Hart [1901] and Kossel and Patten [1903] that the 
percentage of ammonia-nitrogen is increased by the addition of NaCl to the 
hydrolysing acid. 

As has been stated, the solutions and the parts of them used for the 
various analyses were, whenever possible, weighed. Since no attempt was 
made to use exactly aliquot portions, it might be misleading to record the 
actual values of the determinations. The approximate magnitude of each 
analysis may easily be calculated from the figures for total nitrogen and the 
records of volume scattered throughout the discussion. 

It is worthy of note that the values for total amino-nitrogen obtained by 
direct analysis are considerably higher than those obtained by adding the 
values for the amino-nitrogen of the precipitate to the figures for the amino- 
nitrogen of the filtrate. In the case of the nitrous acid method it is not 
difficult to assign the reason for this anomaly. Van Slyke [1911] advocates 
a reaction time of 10 minutes when lysine is absent from the solution to be 
tested and a reaction time of 30 minutes when lysine is present. This advice 
was followed. The filtrate from the bases was thus allowed a reaction time of 
10 minutes while the other solutions were each allowed 30 minutes. In pre¬ 
liminary experiments it was found that four filtrates, which gave an average 
of 60*9 % amino-nitrogen for 10 minutes’ reaction, gave an average of 65-8 % 
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Table IV. 


A comparison of the nitrogen distrihyiion numbers of treated a7id untreated gelatin. 


Total amino-N Total noii-aniino-N 

found calculated 



Total N 

NH,-N 

found 

Hurtun-N 

found 

Form. 

HNoi 

^ _ \ 

Form, 

HNO* 

Group 

found 

(a) 


titration 

method 

titration 

method 



% 

% 

o/ 

/o 

% 

0/ 

/o 

0 

/o 

A 

1529 

1-60 

0*06 

80-57 

71-45 

18-11 

27-23 

A 

1532 

1-63 

0-05 

80-34 

71-71 

18-15 

26 78 

A 

1532 

1-39 

0-04 

81-45 

71-75 

17-22 

26-92 

11 

1529 

1-83 

0-06 

‘80-79 

72-55 

17-82 

26-06 

B 

1532 

1-68 

0-05 

80-92 

71-18 

17-52 

27-26 

B 

1532 

1-65 

0-05 

81-19 

71-24 

16-79 

26-74 

C 

1530 

1-58 

0*05 

80-05 

71-45 

18-50 

27-10 

C 

• 1530 

1-62 

0-06 

80-50 

' 72-16 

17-96 

20-30 

c 

1531 

1-62 

0-04 

80-92 

71-84 

17-71 

20-79 

D 

1530 

1-54 

0-01 

80-74 

71*17 

17-89 

27 46 

D 

1530 

1-78 

0-07 

79-98 

71-33 

18-19 

26-84 

1) 

1532 

1-31 

0-05 

80-88 

71-95 

17-75 

26-98 

Av. A 

— 

1-54 

0-05 

80-79 

71-64 

17-82 

26-97 

Av. B 

— 

1-72 

0-05 

80-97 

71-66 

17-37 

26-68 

Av. C 


1-57 

0-05 

80-49 

71*82 

18-06 

26-73 

Av. 1) 

— 

1-54 

0-05 

80-63 

71-48 

17-95 

27-tK) 

Av. of all 

__ 

1-59 

0-05 

80-70 

71-65 

17-80 

26-85 


Total 


amino« 


acid*N 


found 

Total N 


(a)+(t)+(0 

% 

% 

98-68 

100-34 ' 

98-49 

100-17 

98-67 

100-10 

98-61 

100-50 

98-44 

100-17 

97-98 

99-68 

98-55 

100-18 

98-46 

100-13 

98-63 

100-19 

98-63 

100-21 

98-17 

100-02 

98-63 

99-99 

98-61 

100-20 

98-34 

100-11 

98-55 

100-17 

98-48 

100-07 

98-50 

100-14 


Amino-N 
of filtrate 
found * 

Non-arnino-N 
of filtrate 
calculated 

_A_ 

Total N 

nf 

Amino-N 
of precipitate 
found 

Non-airuno-N 
of precipitate 
calculated 

Form. 

HNO, 

Form. 

HNO, 

Vi 

found 

Foi-m. 

HNOj 

Form. 

HNUa 

titration 

method 

titration 

method 

id) 

titration 

method 

titration 

method 

% 

% 

% 

% 

/o 

% 

% 

/o 

0 

/o 

69-52 

58-46 

12-26 

23-32 

81-78 

— 

8-00 


8-66 

69-85 

58-76 

12-37 

23-46 

82-22 

8-07 

_ 

8-45 


70-99 

59-34 

11-26 

22-91 

82-25 

— 

_ 



68-63 

57-87 

13-12 

23-88 

81-75 

— 

7-74 


8 75 

70-53 

58-80 

10-80 

22-53 

81-33 

7-93 


8-73 


71-49 

59-73 

10-32 , 

22-08 

81-81 

_ 

_ 



70-11 

57*93 

11-31 ’ 

23-49 

81*42 

_ 

7-89 

_ 

8-98 

69-11 

58-03 

12-54 

23-62 

81-65 

7-96 


8-59 


70-61 

58-34 

11-38 

23-65 

81-99 

_ 

_ 



70-62 

58-66 

,11*44 

23-41 

82-06 

_ 

7-95 

_ 

8-40 

69-35 

58-06 

12-44^ 

23*73 

81-79 

7-87 


8-54 


70-68 

59-15 

11-20 

22-73 

81-88 


... 



70-12 

58*85 

11-96 

23-23 

82-08 


_ 



70-22 

58-80 

11-41 

22-83 

81-63 

_ 

_ 



69-94 

58-10 

11-75 

23-59 

81-69 

_ 

_ 



70-22 

58-62 

11-69 

23-29 

81-91 

_ 




70-13 

68-59 

11*70 

23-24 

81-83 

__ 

— 




Total N 
of pre¬ 
cipitate Total N 
found (o)+(!>) + 

(0 {dH{e) 

% % 

16-66 100-10 

16-52 100-42 

16*14 99-82 

16-49 100-13 

16-66 99-72 

16-43 99-94 

16-87 99-92 

16-65 99-87 

16-22 99*77 

16-35 99*99 

16-41 100-05 

10-62 99*76 

16-44 100-11 

16-53 99-93 

16-55 99-86 

16-43 99-93 

16-49 99-96 


amino-nitrogen for 30 minutes’ reaction. This accounts for the greater part 
of the discrepancy. The temperature at which these reactions were carried 
nut varied from 20° to 23°. 

An attempt was made to discover the cause of the loss of formaldehyde- 
titratable nitrogen. Since there was no loss in total nitrogen, this must have 
occurred in preparing the solutions for the titration. In experiments carried 
through for this purpose, all precipitates arising from the addition of BaClg to the 
solutions containing phosphotungstic acid were analysed for nitrogen. Despite 
a thorough washing of these precipitates, the analyses invariably showed the 
presence of considerable and nearly constant amounts of nitrogen. The 
amounts were higher in the precipitates from the mono-amino-fraction than 
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in those from the basic fraction, probably owing to the larger part of the 
phosphotxingstic acid being associated with the first fraction. To the solutions 
from which the phosphotungstic acid had been removed, additional amounts 
of this acid were added and the BaClg treatment was repeated. Additional 
amounts of nitrogen were removed from the solutions by this treatment. 
When the precipitation of 7*5 g. of phosphotungstic acid was carried out 
in a volume of approximately 800 cc. an amount of nitrogen, roughly cor¬ 
responding to 1*5 % of the nitrogen present in the solution, was removed. 
This held true whether the solution in question was one of basic amino-acids 
or one of mono-amino-acids. Although insuflScient data have been accumu¬ 
lated to permit of any definite statement, the indications are that a considerable 
loss of nitrogen is unavoidable when phosphotungstic acid is precipitated from 
a solution ot amino-acids by means of BaClg and that this phenomenon is 
not a selective one but depends on the concentrations of the amino-acids 
and of the phosphotungstic acid m the solution. 

For future work, the more recent amyl alcohol-ether method of Van 
Slyke [1915] will be used for the removal of phosphotungstic acid. From test 
experiments carried out on gelatin, the separation of the amino-acids from 
phosphotungstic acid by this method seems to be very nearly quantitative. 
A small amount of the latter acid remains with the amino-acids and is 
precipitated upon treatment of the solution with BaCl 2 for the removal of 
COg. However, the amount is so small that less than 0*1 % of the total 
nitrogen is removed at this point. 


Summary. 

1. The experimental results force us to the conclusion that, within the 
limits of accuracy of the method described, preliminary treatment of gelatin 
with acid or alkali has no eSect on the percentages of non-amino-nitrogen 
and of basic nitrogen. 

2. Several other factors have been reported by various workers as in¬ 
fluencing the figures obtained as nitrogen distribution numbers of proteins. 
A study of several of these factors has been made. From the results of this 
study, certain modifications of the method of analysis of proteins are advo¬ 
cated. It is believed that the numbers obtained by the modified method will 
be, within certain limits of experimental error, fairly comparable to each 
other. The following paragraph gives a brief summary of the procedure as 
altered, particular stress being laid on the alterations. 

The protein is hydrolysed by boiling with 20 % HCl, After removal of 
as much of the HCl as is possible by evaporation, the hydrolysate is rendered 
alkaline by the addition of a known amount of MgO, CaO or NaOH and the 
ammonia is removed under the proper conditions. The residue is acidified and 
the humin is filtered off. The filtrate, of which the acidity is determined, is 
divided into aliquot portions; some of these are used for determinations of 
amino-nitrogen and some for total nitrogen. In one portion the amino-acids 
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are divided into two groups by a precipitation with phosphotungstic acid. 
The concentrations of salt or of salts, of acid and of nitrogen are always 
brought to definite values in this latter portion before the precipitation is 
allowed to take place. The solution of amino-acids is heated almost to boiling 
before the phosphotungstic acid is added, and the resulting mixture is kept 
at a definite temperature during the definite time allowed for precipitation. 
The phosphotungstates are filtered off and are washed according to a rigidly 
defined technique. If determinations of the amino-nitrogen of the filtrate 
and of the precipitate are to be made by the nitrous acid method only, no 
preparation of the filtrate is necessary and the precipitate may be obtained 
in a suitable form by its solution in N NaOH. Should it be desirable to make 
use of the formaldehyde or alcohol titrations, the phosphotimgstic acid is 
removed from each of the amino-acid fractions by the amyl alcohol-ether 
method. The amino-nitrogen and the total nitrogen of the filtrate and of 
the precipitate are determined. 

In conclusion, I wish to thank Professor S. P. L. Sorensen for the 
suggestion of this problem and for his kind and helpful criticism and advice 
during the execution of the work. To Cheney Bros, of South Manchester, 
(/onn., I am indebted for the Fellowship which permitted the research to be 
undertaken. 
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XX. THE AMINO-ACIDS OF FLESH. 

III. THE DIAMINO-ACID CONTENT OF FISH. 

By JOHN LEWIS ROSEDALE. 

From the Biochemical Departmient, King Edward VII College 
of Medicinej Singapore. 

{Received January 21st, 1929.) 

Peevious analyses [Rosedale, 1922, 1928] led to the broad conclusion that 
normal mammalian tissues showed but little variation in their diamino-acid 
composition. The methods employed, however, seemed sufficiently sensitive 
to detect certain differences in some pathological tissues. The work report^ed 
in this paper was undertaken as an extension of the study of food proteins 
and deals with types of fish which constitute a very important source of food 
in this part of the world. In some districts, owing to situation as well as to 
religious sentiment, fish forms almost the only source of protein. While the 
prowess of the Malay as a sea-fisherman is well known, the development of 
the culture of carj.) is a local industry which merits attention, not only from 
the point of view of increasing the food supply, but also on account of the 
fact that ponds which can be made to rear these fish successfully cease to 
be suitable breeding grounds for mosquitoes. Practically the whole of a fish 
is used as human food. Heads, skins, etc. are offered for sale in local markets 
and form a cheap commodity used by the poorer masses of the population. 
It has not been possible to analyse every species of fish which finds its way 
into Singapore markets, but a selection has been made of those which arc 
most commonly found, and which serve as general types. 

W^hile slight differences may be noted between these tropical fish and 
mammalian tissue,which was analysed in Europe, the results cannot, on the 
whole, be said to be very divergent. In the following list of the specimens 
which have been included in this work the local name is given in brackets; 
red snapj>er, Lutianus roseus (Ikan merah); horse mackerel, Caranx rottleri 
(Chencharu); tunny, Thynnus (Tongkol); thread fins, (1) Polynemus indicus 
(Kurau), and (2) P. tstrad^ictylvs (Senangln); carp, Thynnicfhys (two species 
locally called Twatow and Song Hu respectively). The local names are taken 
for the most part from Maxwell [1921], I^i addition to the muscle meat of 
the above, analyses have been made of the roes and liver of sting-ray (Pari 
beting), the skins of horse mackerel, and the heads of carp (Twatow). The 
hoTse mackerel and Kurau were specimens of dried fish, and the horse 
mackerel and tunny are red-fleshed varieties. 
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Experimental. 

The preparation of the muscle tissues has followed exactly the procedure 
of Rosedale [1928], which consists in extraction with 0*1% acetic acid and 
subsequent digestion with pepsin. The livers, skins and heads were gjround, 
dried and thoroughly extracted with ether prior to carrying out the above 
treatment. The preparation of the roes is dealt with in another section. After 
digestion with pepsin, the protein was hydrolysed by 25 % HCl and analyses 
were carried out by Van Slyke’s method as described by Plimmer and Rosedale 
[1925] and in certain cases also by a modification of the method of Kossel. 
The analyses by Van Slyke’s method have been made at least in quadruplicate. 


Irregulaniles of the Van Shjke method. 

The several analyses of tunny and of the dried fishes were not so con¬ 
cordant as were those of the fresh white-fleshed varieties and compared less 
favourably in this respect with the former analyses of mammalian tissues. 
Kernot and Knaggs [1928] consider these discrepancies to be due to the 
temperature and mode of precipitating with phosphotungstic acid, and give 
directions towards improvement of this technique. Since however the tem¬ 
perature of this laboratory is higher than is usual in Europe, and since 
concordant results had been secured with fresh white-fleshed fish without 
resort to the precautions of these authors, it was felt that the cause of error 
must be sought elsewhere. It was decided to make a study of the hydrolysis 
by acid. 

Table I. Results of variation in tinw of hydrolysis. 

Percentage of total nitrogen. 

Diammo- Monoammo- 

fraction fraction 

Time Amide- Humm- Total Ammo- Total Ammo 

(hours) N N N N N N 

Tunny 6 5 1 36 20 64 61 

10 8 1 39 20 66 64 

16 8 1 30 21 63 58 

40 9 1 27 20 02 00 

60 9 1 27 21 03 02 

80 9 1 26 20 07 01 

100 9 1 26 20 07 01 

Carp (Twatow) 10 0 1 46 20 69 57 

26 7 1 33 10 02 68 

40 7 1 27 17 63 01 

100 7 1 27 18 03 02 

Kurau 26 6 1 v 36 17 01 54 

40 0 2 31 21 01 64 

00 0 1 26 18 62 54 

100 8 2 27 18 63 64 

Horse mackerel 36 4 1 39 11 41 37 

(flesh) 60 6 1 27 16 69 61 

100 8 1 28 16 62 66 

Horse mackerel 36 6 11 27 22 62 48 

(skins) 100 6 12 20 11 64 61 


112 

103 

98 

98 

103 

100 

95 
100 

85 

93 

99 

96 
102 


% of N 
96 
103 
102 
99 
100 
103 
103 
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Experiments were made with different varieties of tissue, in which the 
only alteration in the Van Slyke procedure was a variation in the time of 
hydrolysis with 26 % HCl. A duplicate analysis was made in each experiment, 
and the results are given to the nearest whole number in Table I. 

These figures show that, when hydrolysis is incomplete, material which 
cannot correctly be considered as diamino-acids is precipitated by phospho- 
tungstic acid. As hydrolysis proceeds, the proportion of the monoamino- 
acid fraction becomes greater. In the case of the fresh fishes, tunny and carp 
(Twatow), hydrolysis appears to be complete by the 80th and 40th hour 
respectively. 

Experhnents with KosseVs method. 

In a farmer paper [Rosedale, 1928] a comparison was made between the 
Van Slyke and Kossel methods. No fundamental differences appeared in the 
results other than those due to losses sustained in the manipulation, and it 
seems evident that the Van Slyke method is capable of giving as accurate 
information of the diamino-acid composition of proteins as any available 
method, Vickery and Leavenworth [1928] published a modification of Kossel’s 
method in which the separation of histidine from arginine is brought about 
by the exact neutralisation of the mixture, at which point the histidine is 
completely precipitated as the silver salt, arginine remaining in solution until 
it is made alkaline. This procedure differs from that of Rosedale [1928], who 
juecipitates histidine from acid (1*5 %) solution. An experiment was there¬ 
fore carried out on the flesh of Senangin in two portions, one portion being 
treated according to the directions of Vickery and Leavenworth, and the 
other according to the writer’s modification [1928]. 

Table IT. Results comparing the two modifications of KosseVs ynethod. 

Tot^l nitrogen of each portion-7-224 g. 

V. and L. method R. method 

Total N of dianuno-ppt. — 21 g. ~29 % 

„ histidine portion 0-458g. — 6-3% 0-30i g. ~ 4-1% 

„ arginine ^rtion 0*612 g. -8-4 % 0*717 g. = 9*9 % 

„ lygine portion 0*419 g. -=5*7 % 0*421 g. 5*8 % 

The histidine portion of the Vickery and Leavenworth method was made 
up to 1 litre and arginine estimations according to the directions of Plimmer 
[1916] were carried out upon 20 cc. portions. These gave an average value of 
0*0981 g. arginine-nitrogen, which corresponds to 21 % of this fraction. 
Plimmer [1916] states that in using glass flasks, as was done in this case, the 
extent of the decomposition of histidine is from 1*5 to 3 % of its nitrogen. 
Consequently, in spite of great care used in adjusting the bulky solution to 
pj^ 7*0 before precipitation of the histidine, it appears that some arginine was 
carried down with the silver salt of histidine and that it was not excluded by 
the subsequent reprecipitation with mercuric sulphate. A few of the other 
tissues have been analysed by KosseTs method and the results are given in 
Table III. 
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Table III. Results by KosseVs method. 


Histidine-N 

Percentage of total N. 
iSenangin Horse mackerel 

4 3 

Carp heads (Twatow) 
1 

Argiiiine-N 

10 

9 

11 

Lysirie-N 

6 

8 

5 

No. of exps. 

3 

2 

2 


Comparison with the Van Slyke results (Table IV) shows that these figures 
are as usual lower than the Van Slyke figures. 


Expernnents with roes. 

Male and female roes were worked up separately. They were treated in 
accordance with the directions of Kossel and Dakin [1904] for the preparation 
of protamine sulphate, by precipitating the minced tissue with acetic acid, 
boiling the precipitate, and reprecipitating with alcohol after treatment with 
dilute H 2 SO 4 . A large precipitate was thus obtained, but in the case of the 
female roes much of the precipitate redissoived on standing at room tem¬ 
perature. The remaining portion of this precipitate was filtered off, and formed 
fraction I (see Table IV). An attempt to re precipitate the filtrate by the 
use of more dilute H 2 SO 4 and alcohol produced a small quantity of material 
w^hich formed fraction II (Table IV). In the case of the male roes, the first 
precipitate was filtered off without' being allowed to stand. This forms 
fraction I of the male roes (Table IV). The residual tissues of both male and 
female roes were coagulated in the same w^ay as the ordinary flesh tissues, 
forming fraction II of the male and fraction III of the female roes (Table IV). 
Digestion with pepsin was followed in every case by hydrolysis with 25 % HCl 
and the usual Van Slyke procedure. The general results by Van Slyke’s 
method are presented in Table IV. 


Table IV. Results by Van Slyke s method. 

Percentage of total JS. 

Time of Diamino-fivaction 

hydro- r -—---- ^ 

lysis Amide- lluimu- Total Anjino- Ar- Histi- Lysiiie- 

(hours) N N -N N gniine-N dine-N ' N 

Male roes, fraction 1 'iO 15 0 49 14-5 41 C 1 

„ ir 40 14 1 ‘ 24 15 12 0 12 

Female roes, fraction I 15 (j 48 27*5 37 7 4 

„ II 4<J 19 3 ^40 14*5 12 1(5 12 

„ III *K) 7 1 28 15 14 4 10 

Ked snapper (Ikaninerah) 40 8 1 31 23 Ifl 2 10 

Thread nn(Seiiangin) 40 7 1 28 22 14 5-5 8 

Thread fin (Kurau) 1(K) 8 2 27 18 12-5 7 11 

llaialivei’S 40 10 2 30 19 12 3 12 

Horse raackei-el (flesh) 100 8 1 28 18 12 5 11 

aiorse mackerel (skins) 100 0 12 20 11 9 4 7 

Tunny 80 9 1 26 20 10 5 6 

Carp(Twatow) 40 7 1 27 17 J2 6 7 

Garp(Som?Hu) 40 6 1 29 16 12 7 10 

Carp heads (Twatow) 100 7 2 24 IS 14 2 7 

It ifl clear that no protamine has been obtained from the roes. Fractions 
I and II of the female and I of the male roes appear to contain proteins 
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resembling the histones. This may depend upon the maturity of the milt 
[Kossel and Staudt, 1927]. The flesh muscles show slight differences from the 
analyses of mammalian tissues in that the total diamino-acid content is 
generally higher. This appears to be due to the presence of a greater amount 
of histidine, the most notable exceptions being found in the red snapper and 
the carp heads. General support of these statements is given by the results 
with Kossel’s method (Table III). 


Summary, 

1. The diamino-acid content of several fish tissues has been determined 
by Van Slyke’s method, and in a few cases by a modification of KosseFs 
method. 

2. The value for diamino-acid nitrogen in the flesh muscles of fish appears 
to be higher than that previously obtained for mammalian tissues. This seems 
to be due mainly to an increased amount of histidine-nitrogen. 

3. Some evidence is brought forward showing that incomplete hydrolysis 
leads to error in the Van Slyke analysis. Different tissues appear to require 
different lengths of time to ensure complete hydrolysis with 25 % HCl. 

4. In the separation of histidine and arginine as silver salts, it appears 
that unless the mixture is kept slightly acid there is a danger of precipitating 
some of the arginine together with the histidine. 

In conclusion, I should like to thank the Hon. Mr C. F. Green, formerly 
Director of Fisheries, and Mr W, Birtwhistle, of the Fisheries Depart/ment, for 
kindly supplying much of the material used in this work, and for assistance 
in choosing and naming the specimens. lam also indebted to my assistant, 
Mr J. P. Morris, for much help in carrying out some of the manipulations. 
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The stability of ergosterol when present in minute amounts in ordinary 
cholesterol from all animal sources (brain, gallstones, blood, skin, eggs, etc.) 
IS surprising in view of the relatively labile character of ergosterol itself. This 
unsuspected contamination of ‘"pure’’ cholesterol was revealed in the first 
instance by its antirachitic activity acquired after irradiation, and is con¬ 
firmed by spectrographic analysis as well as by a specific colour reaction. 
It is now well established that ergosterol is the specific parent substance of 
vitamin D [Rosenheim and Webster, 1928, 1, 2]. In explanation of the pro¬ 
tective action of cholesterol towards etgosterol, it has been suggested that it 
possesses an antioxidant function similar to that of the sterols in natural 
crude rubber [Bills, Honeywell and MacNair, 1928j. 

There is evidence that this protective action is exerted not only in freshly 
prepared specimens of cholesterol, but that it remains unimpaired over a 
long period of years, for some of the specimens of cholesterol, in which the 
presence of ergosterol was originally discovered, had been prepared from 
brain 20 years previously [Rosenheim and Webster, 1926], Further, in a 
sample of gallstone-cholesterol prepared by Prof. Abel 16 years ago, the 
presence of ergosterol has been demonstrated spectroscopically and biologi¬ 
cally by Bills, Hone 3 rwell and MacNair [1928]. 

Cholesterol and fatty acids have been recovered unchanged from various 
organs of Egyptian mummies of the pre-dynastic and later periods by Schmidt 
[1907] and from the brain of a mummy of unknown date by Abderhalden 
[1911]. Whilst fresh brain contains the whole of its cholesterol in the free state 
[M. C. Rosenheim, 1914], it has been found by Mair [1913] that as much as 
99 % of the cholesterol of ancient Egyptian brain is present in combination 
with fatty acids (palmitic and stearic) as esters. 

Through the kindness of Dr W. Mair we received part of a mummified 
brain and a specimen of cholesterol prepared from it by him 16 years ago. 
The brain is of Coptic origin, dating from about 600 a.d., and one of the 
series described by Ruffer [1913], having been removed from bodies found in 
tombs in Antinoe in Upper Egypt. No embalming process had been used in 
this instance and the organs of the bodies were preserved in situ through 
14 centuries, shrunk and mummified under the influence of the dry atmosphere 
of Egypt. 
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We had no difficulty in preparing the pure cholesteryl esters, in a yield 
of about 12 % from the brain, by employing a simple extraction method and 
avoiding the use of charcoal on account of its destructive efiect on ergosteroL 
The dry, waxy brain was broken up under water, suspended in an equal 
volume of 2 % KOH and warmed for a short time on a water-bath. The 
esters collected as a yellowish oil on the surface of the brown solution and 
solidified on cooling, giving rise to the characteristic display of colour on 
passing through the liquid-crystalline phase. Aft-er extraction with ether, 
they crystallised on concentration of the extract. One recrystallisation from 
ethyl acetate and one from acetone yielded a perfectly white product, m.p. 
78-80'', — 29° (cholesteryl palmitate, m.p. 78-80°, [ajp - 24°, stearate, 

M.p, 82°). 

The crude esters gave the Lifschiitz “oxycholesteroT’ reaction and, when 
freed from this substance by recrystallisation, showed the typical blue colour 
with trichloroacetic acid, which is specific for ergosterol [Rosenheim, 1929]. 
The esters also gave an intense Tort;e!li-tTaff(5 reaction (green colour in chloro¬ 
form solution with dilute bromine), which according to Haussfer and Brauchli 
[1929] is characteristic for ergosterol and is not given by pure cholesterol. 
Spectroscopic analysis of a 5 % ethereal solution of the esters showed the 
absorption spectrum of ergosterol in the region 280 290 /x/i. 

Feeding experiments employing our usual technique proved conclusively 
that daily doses of 2 mg. and 4 mg. of the esters after irradiation (equivalent 
to 1 mg. and 2 mg. cholesterol) exerted the same antirachitic action as 0-05 y 
of irradiated ergosterol. The same result was obtained with 2 mg. doses of 
the irradiated cholesterol preparation of Dr Mair. We found previously 
[Rosenheim and Webster, 1926] that doses of from 1-4 mg. of irradiated brain- 
cholesterol were necessary to prevent rickets in rats kept on a rachitogenic 
diet and it is therefore evident that the ergosterol content of cholesterol, 
isolated from brain after about 1400 years, is still of the same order as that 
of cholesterol prepared from fresh brain. 
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In two of the earlier papers of this series we have described the phosphatides 
present in the fraction of the ether extract obtained by adding excess of 
acetone to the ethereal solution. This so-called phosphatide fraction contains 
in the present case two substances which do not contain phosphorus, and in 
this paper we describe our investigations into the chemical nature of these 
compounds which appear in the phosphatide fraction by reason of their in¬ 
solubility in ether-acetone. 

These substances, which may represent nearly one-half of the fraction or 
one-fifth of the total ether extract, can be readily separated from the true 
phosphatide material by extraction with boiling acetone, in which they are 
very readily soluble. On cooling, they separate at once in crystalline form, 
and it is shown that the main constituents are the paraffin ??-nonacosane 
and the closely allied di-n-tetradecyl ketone C,,H,*.CO.C„H^. The 
presence of such large amounts^ of nonacosane is surprising, for although 
higher paraffins are very widely distributed in the plant kingdom, they have 
been generally isolated in extremely small amounts. Nonacosane has been 
repeatedly isolated from various plant organs and identified by its melting 
point, but as Piper and his co-workers [1926] have shown that determinations 
of melting point and molecular weight are insufficient to define absolutely 
the number of carbon atoms in the constituent paraffins of paraffin wax, it 
is probable that the identification of most of these naturally occurring 
paraffins remains uncertain. At present the number of carbon atomft in such 
a substance can be determined only by X-ray analysis,.and we have to thank 
Mr S. H. Piper for the final identification of the cabbage paraffin as nonacosane. 

The separation of the ketone from the paraffin and its absolute identifi¬ 
cation as di-n-fetradecyl ketone have given great trouble on account of the 
very similar physical properties of the two substances. It was finally accom¬ 
plished by taking advantage of the greater solubility of the ketoxime hi a 
mixture of equal parts of light petroleum and acetone, a solvent in which 
the paraffin is practically insoluble. The regenenated ketone (M.n, 805-'81'') 
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was similar in all its properties to synthetic palmitone (m.p. 82-82*5°), but a 
mixed melting point (76°) showed that the ketones were not identical Resort 
was again made to X-ray analysis, and Mr Piper was able to show firstly that 
the ketone, like the hydrocarbon, contained 29 carbon atoms, and secondly 
that the carbonyl group was in the centre of the chain. The ketone chain 
however is so long that he could not be certain whether the ketone was 
the symmetrical di-n-tetradecyl ketone CHg.fOHglis.CO.fCHglis.CHg or the 
unsymmetrical palmityl myristyl ketone CH 3 .(CH 2 )i 4 .CO.(CH 2 )i 2 *CH 3 . It 
seemed not unreasonable to think that the hydrocarbon and the ketone were 
synthesised in the plant from fatty acids by a reaction in which two molecules 
of fatty acid condense to yield a ketone, which on reduction would be con¬ 
verted to a hydrocarbon. This may be expressed thus: 

Rj.COOH Rjs. R,. 

-^ Vx)- V XCHg. 

Rg.COOH RgX Rg/ 

If the ketone were palmityl myristyl ketone, then the synthesis in the plant 
of nonacosane from one molecule of palmitic acid and one of myristic acid— 
both of which occur in plant products—seemed a likely supposition. On the 
other hand, if the ketone were the symmetrical di-//-tetradecyl ketone, it 
would be necessary to postulate a synthesis involving two molecules of 
})entadecylic acid, and it is well known that the naturally occurring higher 
fatty acids up to and including stearic acid contain an even number of carbon 
atoms. Although the higher paraffins have been isolated from a large number 
of plant sources, no evidence has been forthcoming as to their origin in the 
plant, and the lack of a reasonable hypothesis for their metabolism made it 
appear vital that the exact position of the carbonyl group should be estab¬ 
lished wdth certainty. Accordingly the alternative ketones suggested by Piper 
w^ere synthesised and a comparison of the melting points left no doubt that 
the cabbage ketone was di-w-tetradecyl ketone. We have at present no evi¬ 
dence of the existence in natural products of pentadecylic acid. It is true that 
Thorner [1879] isolated the so-called lactaric acid from fungi and that a 
ketone, lactarone (Ci 4 H 2 g )2 : CO (m.p. 81*5“82*5°), w^as made by Chuit [1889] 
from this acid. Bougault and Charaux [1912] have siiwe shown, however, 
that this acid is impure stearic acid, so that the ketone which is quoted in 
Beilstein as di-y^-tetradecyl ketone is really impure stearone. Hence the hypo¬ 
thesis that the ketone is formed from two molecules of pentadecylic acid 
needs modification. It seems reasonable however to surmise that the paraffin 
and ketone are concerned in the metabolism of fatty acid, and, although wx^ 
are unable io express the mechanism by wdiich these three types of compound 
are formed ^om each other, we are of the opinion that the finding of a paraffin 
and a ketone of the same number of carbon atoms in the cabbage may prove 
significant when further information is available. 

A search of the literature shows that what we refer to in the experimental 
^part of this paper as the cmde hydrocarbon, i.e, the mixture of paraffin and 
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ketone, has been encountered by other workers. Sando [1923] examined the 
wax-like coating on the surface of apples. One of his crude fractions had the 
same melting point and gave the same combustion figures as those quoted 
later for the crude hydrocarbon from the cabbage; from it he isolated a 
paraffin (m.p. 63*5-64°) which he regarded as C 3 oH 62 - We feel confident 
also that the ketone C 53 HJO 6 O 2 isolated by Hesse [1893] from cocoa leaves 
and the so-called myristone obtained by Jacobson [1911] from lucerne were 
likewise mixtures of paraffin and ketone. 

Experimental. 

220 kg. leaves from winter-sown cabbage picked in May (batch R) yielded 
220 g. of ether-soluble substances. The fraction insoluble in ether-acetone 
was extracted with hot acetone and filtered. The investigation of the insoluble 
phosphatide material has already been discussed [Channon and Chibnall, 
1927]. The 35 g. of crystalline material obtained by cooling the hot acetone 
extracts was greenish in colour and obviously contained some fatty and 
phosphatide substances. The material was therefore saponified with «.lcoholic 
potash, allowed to stand overnight and filtered, the residue being washed 
with cold alcohol. By recrystallisation from hot acetone there was obtained 
30 g. of material which was distilled at 255°/2 mm. The distillate (27 g.) was 
similar in appearance to, and had the same solubility properties as, paraffin 
wax. Recrystallised from a large volume of hot acetone, it yielded 23*9 g. of 
fine silky needles which melted at 63°, although the melt did not clear until 
a temperature of 67° was reached. The material was only slightly soluble in 
cold methyl and ethyl alcohols or acetone, slightly more soluble in cold ether, 
benzene or chloroform, but extremely soluble in hot ether, acetone or benzene. 
The ethereal solution did not absorb bromine, and did not give the Liebermann- 
Burchard reaction for sterols. Analysis showed however that although the 
major part^ of the material must consist of one or more hydrocarbons, some 
other substance which contained oxygen was present (found: C, 84*35, 
84*28 %; H, 14*38, 14*47 %). The nature of t/his oxygenated body long eluded 
us. At the outset, were deceived by an acetyl value of 12 into devoting 
considerable time in an attempt to remove higher alcohols, and much material 
was unfortunately wasted before we obtained clear evidence that the major 
part of the oxygen was to be ascribed to a ketone. 

Determination of melting point. As we have found this determination so 
helpful in the fractionation of the crude hydrocarbon, we think that a short 
description of the method employed, which was recommended to us by Prof. 
Francis, may be of use to other work^s in judging the purity of fractions of 
this type, which so often are isolated from plant products in small amounts 
only. The temperature of the bath is rapidly raised to within two degrees of 
the melting point, and then allowed to rise very slowly. A pure paraffin 
should melt to a clear liquid within the limits of 0*3° and should crystallise 
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out again in long needles within a temperature fall of 0 - 5 ° below the lower 
of these limits. The processes of melting and setting within these limits are 
slow, and the temperature of the bath must be held steady for several minutes. 
The ketone should melt to a clear liquid within a range of 0 - 5 °, and with a 
nucleus should set crystalline within a temperature fall of V. A mixture of 
the paraffin and ketone becomes a white molten mass at a temperature which 
may be in some cases only 0*5^, but in others as much as 12-15'^ below the 
temperature at which the melt clears. According to our experience, it is only 
a mixture of the paraffin with the ketone which gives an indefinite melting 
point of this ty^; mixed ketones and probably mixed paraffins give sharp 
melting and setting points. We have no hesitation in saying that the ketone 
isolated by Jacobson [1911], which softened at 68 ° and melted at 74-77°, is a 
mixture, and that its identification as myristone (m.p. 76°) is unwarranted. 
We have encountered many fractions giving similar melting points and com¬ 
bustion figures during the present research. 

Isolation of nonacosane, 

13 g. of the crystalline material mentioned above were submitted to 
fractional distillation at a pressure of ()*1 mm., and crystallLsation from 
benzene-alcohol. Seven distillations were made in all, and there was finally 
obtained, from the lower boiling fractions, 1-5 g. of substance crystallising in 
very thin glistening plates which melted sharply at 62*7-62*8° (uncorr.) and 
set without a nucleus at 62*6-62*3°. 

Analysis. 0*1057 g. substance gave 0*3307 g. CO 2 , 0*1387 g. H 2 O. 

Found: 0, 85*33 %; H, 14*58 %. 

C 29 H 60 requires: C, 85*20 %; H, 14*80 %. 

Mr Piper reports on this substance as follows. ‘‘ Taking A, K„Fe 1*932 a, 
main spacing of melted specimen ^ 38*82 a. The hydrocarbon contains 29 
carbon atoms and the photograph indicates that it is pure.” The substance 
is therefore ?i-nonacosane, € 29 ^ 60 - 

Isolation of di-n-tetradecyl I'Hone, CH^,{CH^^^.CO 

The higher boiling fractions after a long fractional crystallisation from 
benzene-alcohol were finally collected into six samples. Melting point deter-' 
minations showed that each sample contained nonacosane mixed with one or 
more other substances, for all became molten around 63°, but the tempera¬ 
tures at which the melts cleared ranged from 63*5 to 75°. It was clear that the 
procedure adopted was not likely to yield any of these other substances, 
which an^ilysis showed contained oxygen, in a state of purity. When evidence 
was finally obtained that one or more of the substances was a ketone, it was 
found possible to effect a separation by taking advantage of the greater solu¬ 
bility of the ketoxime in a mixture of light petroleum and acetone. 

Each of the fractions mentioned above was treated in alcohoHc solution 
with hydroxylamine, the excess of the latter removed, and the product 
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dissolved in a small volume of light petroleum. An equal volume of acetone 
was then added and the resulting precipitate filtered off. By repeating this 
operation on the precipitate, and also on the filtrate, there was finally obtained 
from each fraction a somewhat crude hydrocarbon melting at 63"^ and an 
oxime melting at 50°. The higher melting fractions gave a greater proportion 
of oxime, and since the products from all the fractions appeared to be similar 
they were united, and in this way there were obtained 4*5 g. of crude hydro¬ 
carbon and 2*2 g. of crude oxime. The latter was dissolved in 100 cc. of warm 
glacial acetic acid and cooled on ice. 0*44 g. of hydrocarbon crystallised out 
in fine needles. These were filtered off, and to the warmeci filtrate an equal 
volume of warm absolute alcohol was added. On cooling, the major part of 
the oxime came out as fine flakes. These were dissolved in 30 cc. of warm 
glacial acetic acid and 0*1 g. of crude hydrocarbon separated by cooling as 
before. The filtrate was evaporated to dryness in me no. dissolved in ether, 
the ethereal solution washed to remove traces of acetic acid and again evapo¬ 
rated to dryness. Yield of oxime 1*5 g.; m.p. 50 -51°. 

Analysis. 0*0915 g, substance gave 0*2682 g. COg, 0*1050 g. H 2 O- 

0*1728 g. substance gave 5*0 cc. of moist nitrogen at 18° and 
752 mm. 

Found: C, 79*91 %; H, 12*88 %; N, 3*29 %. 

requires: C, 79*63 %; H, 13*50 %; N, 3*21 %. 

The ketone was regenerated from the oxime by boiling for some hours in 
alcohol saturated with hydrochloric acid. By repeated crystallisation from 
benzene-alcohol, there was obtained 0*7 g. of ketone crystallising in thin 
glistening plates, m.p. 80*5- 81°; setting point 80*5-80°. 

Analysis. 0*0832 g, substance gave 0*2487 g. COg, 0*1043 g. H^O. 

Found: C, 82*45 %; H, 13*93 %. 

CggHggO requires: C, 82*37 %; H, 13*87 %. 

The melting point of this substance suggested that it was palmitone, and 
accordingly a sample of this ketone was sjmthesised from pure palmitic acid 
by Kipping’s [1890] method. It melted at 82*2-82*5° and set crystalline at 
81*7-82°, confirming the value (82°) given by Kipping and not that (76°) 
"quoted by Saville and Shearer [1925]. A mixture of this palmitone with the 
cabbage ketone melted sharply at 75*8-76*2° and set crystalline at 76*5-74*5°, 
showing that the two ketdnes were not identical. Mr Piper then kindly 
submitted the cabbage ketone to X-ray analysis and reported as follows, 
‘‘Main spacing 38*81. The melted specimen showed only side spacings, but 
when crystallised and rubbed, gave a perfect photograph. The even orders 
2 and 4 are just visible, the odd orders 1, 3, 5, 7, 9 give the above spacing. 
The ketone contains 29 carbon atoms and is probably C 14 H 29 .CO.CJ 4 H 205 since 
the oxygen atom appears to be half-way along the chain. The chain' is so 
long however that the possibility of the ketone being CigHgi. CO. CxgHgy is 
not excluded.'’ Both these ketones were accordingly synthesised. The 
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synthetic di-n-tetradecyl ketone melted at 80-80*5'' and set crystalline at TO''. 
Mixed with the cabbage ketone it melted at 80*5-81" and set crystalline 
at 79". The synthetic palmityl myristyl ketone melted at 74-74*5". 

Reviewing our experience on the isolation of these two substances from 
the crude hydrocarbon fraction, there is no doubt that much time and trouble 
would have been saved if the product obtained by distillation after the initial 
saponification had been oximated and the oxime removed as desc-ribed above. 
The long fractionation actually carried out however has served to show that 
the chief constituents are nonacosane and di>n-tetradecyl ketone, and that 
they are present in the ratio of three of the former to one of the latter. Other 
products are present, but they appeared in fractions too small to warrant the 
hope that pure compounds could be isolated from them. 

Si/nthesis of di-n-tetradccyJ ketmie, 

Kipping’s [1890] method for the preparation of palrnitone was used. 
2 g. of pentadecylic acid (m.p, 52"). for which we have to thank Prof. W. E. 
(Earner, were heated in a small beaker in a metal-bath at 205-210" and 
phosphorus }>entoxide was added slowly, in small portions with constant 
stirring. The reaction was complete in about 5 minutes, when the molten mass 
was poured into water to decompose the excess of phosj)horus pentoxide. 
Sodium hydroxide was then added to convert the excess pentadecylic acid to 
soap and the mixture raised to the boiling point. On ('ooling, the ketone and 
other resinous products solidified at the surface as a waxy cake, ’which was 
removed and washed in the usual way. The ketone was separated from the 
other products by repeated extraction with small volumes of hot 90 % 
alcohol. The crude ketone was dissolved in 90 % alcohol, and the solution 
boiled wdth chkrcoal and filtered. On cooling the ketone separated in thin 
glistening plates. Yield 0*2 g.; m.p. 78*5-79", Recr^ystallised twice from 
benzene-alcohol it melted sharply at 80-80*5". and with a nucleus set crystalline 
at 79". 

Analysis, 4*920 mg. substance gave 14*840 mg. CO*,, 6*05 mg, H^O. 

Found: C, 82*30 %; H, 13*67 %. 

(Ci 4 H 29 ) 2 CO requires: C, 82*47 %; H, 13*74 %. 

Synthesis of palmityl myristyl ketone, 

We have to thank Prof. R. Robinson for suggesting this synthesis, which 
is similar to that of lactarinic acid, G-ketostearic acid [Robinson and Robinson, 
1925], 

Ethyl a-dodecyletcetoaeeiaie. Ethyl laurate, obtained by the fractional dis¬ 
tillation of the ethyl esters of the fatty acids of coconut oil, w^as reduced to 
lauryl alcohol by means of sodium and dry ethyl alcohol at 130", The alcohol 
was converted to dodecyl iodide by heating with iodine and red phosphorus. 
Sodium (l’8g.) was dissolved in 30 cc, absolute alcohol, 15 g. of ethyl aceto- 
acetate wete added and finally 22*5 g. dodecyl iodide. The mixture was boiled 
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gently for hours, cooled, poured into water and the mixture extracted 
with ether. The oil resulting from evaporation of the solvent was fractionally 
distilled in vacuo, and the higher boiling fraction again distilled. The fraction 
(12’5 g.) collected at 184-18778 mm. analysed as follows: 

0*1380 g. substance gave 0*3667 g. COg, 0*1442 g. HgO. 

Found: C, 72*44 %; H, 11*61 %. 

C 18 H 34 O 3 requires: C, 72*50 %; H, 11*41*%. 

Palmityl myristyl ketone, 0*9 g. sodium was emulsified under toluene, 
washed with dry ether and then suspended in 75 cc. of dry ether. 12*1 g, of 
ethyl a-dodecylacetoacetate dissolved in dry ether were added and the mixture 
slightly warmed until all the sodium had dissolved. It was then cooled on 
ice and 12*2 g. palmityl chloride in 20 cc. dry ether were added. The mixture 
was allowed to stand for 1 hour and then boiled for 10 minutes. The sodium 
chloride was removed by washing with water and the ether removed by 
evaporation. The resulting ethyl a«-dodecylpalmitylacetoacetate was an oil 
which readily crystallised on standing. The product was dissolved in 300 cc. 
of cold alcohol and as much 5 % aqueous potassium hydroxide added as 
possible without causing precipitation (14 cc.). After standing for 5 days to 
effect the slow hydrolysis of the carbethoxy-group, sufficient strong aqueous 
potassium hydroxide was added to make the concentration 5 %, and the 
solution boiled for 2 hours. The hot solution was then poured into an excess 
of boiling water, and after cooling the ketone was removed by extraction with 
ether. The ethereal solution was concentrated to about 180 cc. and 2 volumes 
of acetone were added. The palmityl myristyl ketone was almost completely 
precipitated. It was redissolved in hot acetone and the solution clarified by 
boiling with charcoal. On cooling, the ketone separated in fine silky plates. 
Yield 4*5 g.; m.p. 73-74'', Recrystallised twice from equal volumes of alcohol 
and benzene, it was obtained in large lustrous plates melting at 74 74*5'' and 
setting crystalline at 73''. The melting point was unchanged on further re- 
crystallisation. 

Analysis. 4*892 mg. substance gave 14*770 mg. COg, 6*03 mg. H 2 O. 

Found: C, 82*33 %; H, 13*70 %. 

CigHgi.CO.C^aH^v requires: C, 82*47 %; H, 13*74 %. 

After the removal of the palmityl m 3 rristyl ketone, the acetone-ether 
filtrate was evaporated to dryness and submitted to steam distillation. The 
distillate was filtered, and from the residue, after crystallisation from aqueous 
acetone, there was obtained 2*7 g. of methyl tridecyl ketone; m.p. 88*6~39''. 

We wish to express our thanks to Mr S. H. Piper, of the University of 
Bristol, for the interest he has taken in this work and for submitting a number 
of specimens to X-ray analysis. One of us (A. C. €.) is indebted to the Royal 
Society for a grant from which part of the expenses of this research was 
defrayed. 
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In a series of papers [Chibnall and Channon, 1927, 1, 2, 3; Channon and 
Chibnall, 1927], we have recorded certain results which we have obtained in 
the analysis of the ether extract of the leaf-cell cytoplasm of the cabbage. 
The object of the present paper is to discuss these results so far as is at 
present possible from their chemical and physiological aspects, and, in passing, 
to refer to our investigations of the pigments and of the unsaturated portion 
of the unsaponifiable fraction of which no account has yet been given. 

For simplicity in presentation, we propose to confine all further remarks 
on this investigation to batch R, consisting of 220 g. of ether extract pre¬ 
pared from 220 kg. of cabbage leaves. By methods already described, this 
extract was separated into the following fractions. 

A. The fraction precipitated by acetone, which was further subdivided 
into 

L The fraction insoluble in hot acetone, wt. 57*8 g. 

II. The fraction soluble in hot acetone, ,, 35*0 g. 

E. The traction soluble in acetone-ether, ,, 119*9 g. 

Saponification of an aliquot part showed that this fraction contained 
HI. Fatty acids soluble in light petroleum, wt. 38*3 g. 

IV. Unsaponifiable matt-er ,, 48-6 g. 

V. Acidic products insoluble in light petroleum, consisting of 
chlorophyll derivatives and possibly hydroxy-acids. 

As a preliminary to the further study of fractions (IV) and (V) it was 
necessary to determine the chlorophyll content of the original ether extract. 

Determination of chlorophyll and carotenoids. 

Extensive investigations have been ma^e by Willstatter and his colleagues 
[Willstatter and Stoll, 1913] into the chlorophyll content of leaves; we have 
therefore thought it sufficient to determine the total chlorophyll content 
only, and not the a- and j8-chlorophyll separately. Willstatter’s method is 
to shake the ether extract with methyl alcoholic potash and to compare the 
green colour of the resulting phyllins with that given by a specimen of pure 
chlorophyll submitted to similar treatment. This method was applied to the 
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ether extract of the cabbage but the green tint of the resulting phyllins did 
not match that gif^n by a specimen of pure chlorophyll. This suggested that 
during the coagulation of the cytoplasm by heat part of the magnesium had 
been removed from the molecule. Accordingly the ethereal solutions of the 
cabbage extract and of pure chlorophyll were first shaken with an aqueous 
solution of oxalic acid to remove the magnesium and so convert the chlorophyll 
to phaeophytin. The resulting solutions of phaeophytin were then submitted 
to Willstatter’s treatment with methyl alcoholic potash and an aqueous 
solution of the c^plex potassium salts was prepared. The green tints of these 
were easily comparable and subsequent calculation showed that the chlorophyll 
content of the acetone-ether fraction B of batch R was 9-3 %. 

The carotenoids were determined at the same time by Willstatter’s method. 
The acetone-ether fraction B contained 0-86 % carotene and 1-39 % xantho- 
phyll, giving a ratio = 0-62, which is of the same order as that 

found by Willstatter for the pigments of the whole leaf. On the other hand, 
the ratio - r -- , 7 7*7, which is about twice that found bv 


the ratio ---— is 7*7, which is about twice that found by 

Willstatter for whole leaves. Two explanations of this high value suggest 
themselves: (a) these pigments are not located solely in the leaf cell cyto¬ 
plasm; ( 6 ) the colours of the pigments had faded somewhat before they were 
quantitatively determined. 


Umaturated umaponifiable matter (Fraction IV). 

l()b*2 g. of the acetone-ether filtrate B yielded 42*5 g. of unsaponifiable 
matter, a brown gummy mass having iodine value 105 and acetyl value 168, 
and containing 21;8 % of sterol precipitated by digitonin. Present in this 
fraction also are the lipochrome pigments, i,e. 0*92 g. carotene and 1*48 g. 
xanthophyll, together wfith 6*13 g. phytol derived from the chlorophyll and 
present in the extract. The fraction contained in addition that portion of 
the hydrocarbon fraction which remained in solution when the original ether 
extract was precipitated with acetone. It is clear that the effective frac¬ 
tionation of a mixture of substances in the presence of higher alcohols and 
sterols having various similar solubility properties is no easy matter. Re¬ 
peated attempts to obtain pure fractions by crystallisation from a variety of 
solvents left us convinced that we were obtaining products contaminated by 
the hydrocarbon, which we w^ere unable to remove by this method. It was 
decided, therefore, to submit the material to fractional distillation in vacuo; 
a liquid fraction b.p. 175° to 185°, and a small fraction b.p. 222° to 240° at 
2 mm. pressure were removed in this way. The first fraction by careM purifi¬ 
cation was shown to consist mainly of phytol, whilst the second was crude 
hydrocarbon (m.p. Attempts to distil the remainder, however, re¬ 

sulted in marked decomposition, as was v4hown by the nature of the products 
obtained and by the fact that the revsidue failed to give any precipitate with 
digitonin. Ffom this distillate there were isolated white crystalline products 

Biooh. 1029 xxxn 12 
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of various melting points, the highest observed being 129°. This latter fraction 
was shown by the digitonin method to contain only 82 % of sterol. In view 
of these difficulties and the lack of sufficient material for a large scale 
fractionation, we were reluctantly compelled to leave over the question of 
the nature of these higher alcohols and sterols until a larger amount of material 
was available. 

General summary. 

We now propose to discuss what we consider the essential results of these 
researches in both their chemical and physiological aspects. 

The following table shows the results which we have obtained in the 
analysis of a typical sample of cabbage-leaf cell c}i;opla8m. It is admittedly 
incomplete in some respects and must remain so until material can be obtained 
in still larger bulk. During the course of this work some 10 cwts. of cabbage 
have been used and a description of some of the difficulties and uncertainties 
which we have encountered in what appears to be the first attempt to study 
such an ether extract is given in the footnotes to the table for the guidance 
of any who may wish to extend these results. 

The methods used in the separation of the various fractions have already 
been discussed. 

Table I. Summary of the ether-soluble substances of cabbage-leaf cytoplasm, 
(Batch Rf consisting of 220 g. of matenal.) 

Wt. % of total 

Figni&nis g. material 

Chlorophyll (a and ... ... ... . 20*5 9*3 

Carotene ... ... ... ... ... . ... !•] 0*5 

Xanthophyll . 1*7 08 

Substances containing phosphorus 

Calcium phosphatidate ... ... ... ... ... ... ... 40*6 184 

Unidentifiod calcium salts, poasihly of fatty acids and phosphoric acid 1J *3 5*0 

Unidentified iron compound ... ... ... ... ... ... 6*7 3*0 

Glycerides and waxes 

Containing palmitic, stearic, linolic and linolenic acids . 38*3 17*5 

Glycerol ... ... ... ... 2*8 1*3 

Unsaponifiabk matter 

Saturated fraction, chiefly nonacosane and di-w-tetradocyl ketone ... 27*0 12*3 

UnsataraUd fraction 

Sterols (by digitonin) 9*8 4*5 

Unidentihod products, probably alcohols and hydrocarbons ... 29*2 13*3 

189*0 "siT 

Note 1. Cause of losses. It will be observed that the percentage total of 
the fractions is only 85-9 aijd that there has been an apparent loss of 
14-1 %. In considering these losses it may be pointed out, firstly, that about 
one-third of this loss is entailed by the use of methods necessaryfor purifying 
the hydrocarbon fraction (36 g. of crude product gave only 23 g. of purified 
product), and, secondly, the large number of manipulations in obtaining the 
various fractions has of necessity caused considerable mechanical losses, 
which cannot be avoided when working with fatty materials. Even so, there 
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remains the probability that about 5 % of the total material is unaccounted 
for, and a similar loss has been encountered in every batch. As to the reasons 
for it, we have little information. It always occurs as the result of the sepa¬ 
ration of the acetone-ether-soluble fraction into fatty acids, unsaponifiable 
matter and chlorophyll degradation products, and the material remains in 
the aqueous phase after extraction of the fatty acids. This fact suggests that 
there may be present an ether-soluble substance which is destroyed on treat¬ 
ment with alcoholic alkali, or alternatively that acidification of the soap 
solution after the removal of the iinsaponifiable fraction has resulted in the 
precipitation not only of fatty acids and acidic chlorophyll products, but 
also of other acids sparingly soluble in ether. Although the acidified solution 
was extracted many times with ether, it was found necessary that the aqueous 
solution should be very dilute in order to facilitate extraction, and hence any 
substance, soluble to a limited extent only in ether and water, would remain 
to some extent in the aqueous phase. Such substances might be hydroxy- 
acids. 

Note 2. Ihridentified iron compound. As we mentioned in an earlier paper, 
only about 1 g. of this curious substance was isolated. (Found C ~ 52*4 %, 
H - ' 8*1 P - %j P® ^’9 %. Nitrogen is absent.) We are not yet 
in a position to give any further information. In the table the gross amount 
of this substance has been (’omputed from the iron content of the calcium 
phosphatidate. This is greatly in excess of the amount actually isolated, but 
it must be remembered that we treated this material as an incidental impurity 
and n^moved it whenever possible when purifying the calcium phosphatidate. 

Note 3. Residtial ether-soluble phosphorus. The ether-soluble phosphorus 
present as calcium phosphatidate represents about 60 % of the whole. In a 
previous paper [Chibnall and Chanuon, 1927, 2] it was suggested that the 
remainder was present as the calcium salt of an easily hydrolysable mono- 
glyceridephosphoric acid, because on shaking the ether-soluble phosphorus 
compounds in ether solution with mineral acid part of the phosphorus passed 
into the aqueous layer and fatty acids appeared in the ether solution. Our 
subsequent investigations have tended to weaken this view for two reasons. 
Firstly, the iron compound which contains 5 % of phosphorus and no calcium 
represents about one-tenth of the ether-soluble phosphorus fraction. Since 
the ratio of calcium to phosphorus in this fraction was originally unity, it is 
clear that there must have been present some calcium which was not in 
combination with phosphorus and that the unity ratio was merely fortuitous. 
Secondly, shaking the original ether-soluble phosphorus solution with mineral 
acid removed part of the phosphorus as phosphoric acid and not, as we had 
thought, as glycerophosphoric acid. Further, determinations of glycerol on 
the phosphatide fraction have shown that the amount of glycerol in the 
fraction is no more than is required by the calcium phosphatidate present. 
Hence the fatty acids which appeared in the ether layer cannot have originated 
as the result of the hydrolysis of a monoglyceridephosphoric acid. We have 
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obtained no further information as to the chemical nature of the compounds 
giving rise to the phosphoric acid and fatty acids on shaking with mineral 
acid; and this question remains therefore undecided at present. We incline 
to the view that the sources of these substances are calcium soaps and calcium 
phosphate, and that only 60 % of the ether-soluble phosphorus represents 
phosphatides. 

Note 4. Glycerides and waxes. Estimations of glycerol by the methods of 
Zeisel and Fanto [1903] on the acetone-ether-soluble material of batch R gave 

a ratio of “ 7-8, slightly higher than that recorded for batches 

G and Af in a previous paper. This method in our hands has given a theoretical 
yield of glycerol from barium glycerophosphate, but we have recently found 
that it gives very low yields from distearin and tristearin. The method of 
Fanto [1904] was found to give a theoretical yield with tristearin, and applied 

to batch R gave a ratio =^13. The original method, which has the 

advantage of requiring only 0*^ g. of material, is clearly inapplicable to these 
complex plant extracts, possibly on account of the unidentified substances 

mentioned under note 1 above. Tristearin gives a ratio of ^*3, 

so that about one-third of the fatty acids present in the acetone-ether-soiuble 
material of batch R was present as substances other than glycerides, probably 
as esters of higher alcohols. 


General discussion. 

The yield of the chuf constituents. 

By methods which were referred to in the first paper of this series [Chibnall 
and Channon, 1927,1] we calculate that the total amount of ether-soluble 
material in cabbage-leaf cytoplasm is about 3*5 % of the total leaf solids. 
This figure may not represent the total amount of these substances present 
in the leaf, because our preparations of coagulated cytoplasm were free from 
cell-wall material which, in consequence, has not been ether-extracted. The 
variations which we have found in the amounts of the chief constituents are 
given in Table II. 

Table II. Ether-soluhle substances. Variation in chief constituents. 

% of total ether- Estimated % of 
* soluble matenal total loaf solids 


Total ether-soluble substances — 35 

Caloium phosphatidate 9-18 0-3-U (> 

Fatty acids m glycerides and waxes 19-27 0'b-0*9 

Saturated hydrocarbons and ketones 8-13 0 3-0*6 

Other unsapomhable material lb-25 0 0 - 0*9 

-rUf ’ 


As the presence of fat-soluble substances containing calcium and iron has 
not been demonstrated hitherto, it appeared to us to be of interest to galculat© 
roughly what proportions of calcium, phosphorus and iron of the cabbage 



ETHER-SOLUBLE MATTER OF LEAF CYTOPLASM 


181 


leaf are present in the form of calcium phosphatidate and the iron compound. 
The results of our analyses of the cabbage leaf for these inorganic materials 
are given in Table III. 

Table III, Distribution of Ca, Fe and P in the cabbage leaf^ 

(% of total leaf ash). 

23, p 181, Table III, Fe^O,, whole leaf, instead of 12*9 read 2-9. ter-insoluble Ether-soluble 

Jl..!__ Z ___ , _ 4-6 045 

Fe^O, 12-9 2*9 0-15 

1 ^) 5 ' HvO 11*8 4*2 0-73 

Water-soluble iron was too small to be determined gravimetrically as 
Fe^O.^. Hoagland and Davies [1923] in a discussion of the cell sap of higher 
plants emphasise the fact that for a proper understanding of the metabolism 
of such plants it is necessary to gain some insight into the forms in which 
inorganic elements are held by the plant. They have analysed different plants 
(species not given) at various stages of growth for water-soluble inorganic 
elements, and have found that in practically every case all of the potassium 
is* soluble in water as well as the major portion of the other elements, with a 
few exceptions in the case of calcium. We determined total ash and ether- 
soluble ash on samples of 300 g. of fresh leaves. As the ether-soluble calcium, 
iron and phosphorus are computed from figures obtained from the analysis 
of 220 kg, of fresh leaves, it is obvious that the two sets of figures given in 
the table are not strictly comparable. They show, however, that about one- 
twentieth of the total leaf calcium, phosphorus and iron is ether-soluble, 
and that about one-tenth of the water-insoluble calcium can be ascribed to* 
calcium phosphatidate. 


Phosphatides. 

One of the most interesting results of these researches has been the dis¬ 
covery of the existence in the cytoplasm of calcium phosphatidate, and experi¬ 
ments are clearly necessary to determine its relation to the glycerides. Thus 
in a plant which is being starved, does utilisation of this phosphatide and of 
the glycerides take place? This question of the utilisation of fat by a starving 
plant is one which has suffered severe neglect because the ratio of carbohydrate 
to fat was thought to be so high as to make it appear that a study of fat 
from the tissue was a matter of minor importance. It will be of interest, 
therefore, to see whether utilisation of the fatty acids, either of the glycerides 
or of the phosphatide, pccurs, and if there is a decrease in the fatty acids it 
will be necessary to determine whether the fatty acids utilised are those of 
the phosphatide or of the glycerides. One is naturally tempted to compare 
these substances with those present in animal tissue, and in this connection 
the high degree of unsaturation, not only of the phosphatide but also of the 
glycerides, is interesting. It will be remembered that the fat of adipose tissue 
is saturated relatively to that of such organs as the liver and that during 




182 


A. G CHIBNALL AND H. el. CHANNON 


starvation this adipose fat is utilised, while that of the liver persists even if 
death from inanition occurs. The conclusion drawn from these results is that 
the liver fat, consisting of unsaturated phosphatide, cannot be utilised without 
causing destruction of the cells of which it is an integral part. Hence, if 
calcium phosphatidate is fulfilling in the leaf the role which lecithin and the 
other phosphatides play in the animal, we should expect that on starvation 
the plant would utilise the glycerides only and that the calcium phosphatidate 
would remain constant in amount. Experiments on this subject are in pro¬ 
gress; it is clear that, if calcium phosphatidate is as vital a constituent of the 
leaf as lecithin is of the animal, it should be present in the leaves of all plants. 
This question has not been systematically investigated by us yet, but some 
experiments with spinach suggest that there is a definitely smaller percentage 
of calcium phosphatidate in spinach leaves than in those of the cabbage. 

The literature on plant phosphatides, although extensive, is very unsatis¬ 
factory on account of the great difficulties encountered in freeing phosphatidic 
substances from sugars, amino-acids, etc., and it gives the impression that 
very little definite information as to the nature of plant phosphatides is 
available. However, the results of Levene on soya-bean meal show that 
lecithin is present in that material. This opens up the question as to the 
physiological relationship existing^between the phosphatides of the seed and 
of the leaf, and it will be interesting to investigate whether such a plant as 
soya bean, having lecithin and cephalin in its seed, has the calcium or some 
other salt of phosphatidic acid in its leaves, and, if so, the reasons why storage 
products should differ from those of physiologically active tissue. Such a 
finding as the occurrence of different phosphatides in the leaves and seeds 
would be totally unexpected if we regard the phosphatide «s an essential 
constituent of the cell. On the other hand, such a finding might be understood 
if the roles of the two types of phosphatide were different either in their effects 
on permeability or as agents in the transport of fat. Any view which we can 
express on these subjects at the present time must be speculative, but the 
fat-solubility of the calcium salt of phosphatidic acid and the water-solubility 
of its sodium salt suggests that these phosphatides may be in part responsible 
for the alteration in cell permeability which can be brought about by changes 
in the proportion of sodium and calcium ions. 

The fatty adds, 

A point of interest regarding the fatty acids is that the iodine value of 
the glyceride fatty acids is about 200 compared with 137 of the fatty acids 
present in the phosphatide. This higher degree of unsaturation of the glyceride 
fatty acids is the reverse of the findings in the fats of animal tissues, for in 
the latter the fatty acids of the phosphatides are considerably more 
nnsatnrated than those present in the neutral fat. 

As to the question of unsaturation, the suggestion of ficathes and Raper 
[1926] that the temperature at which fats are formed in plants is one of the 
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features which detfermine the degree of uusaturation of the fatty^ acids is of 
interest. Recently Terroine ei al. [1927] and Pearson and Raper [1927] have 
shown that the degree of unsaturation of the fatty acids present in Aspergillus 
niger grown at temperatures varying from 17*^ to 35® decreases with a rise of 
temperature. If such a finding can be applied to a higher plant, it would be 
expected that there would be a variation in the degree of unsaturation of the 
fatty acids of autumn- and spring-sown cabbage. The former are picked in 
April-May and will be referred to as ''winter-grown,” while the spring-sown 
plants which are gathered in July-August will be referred to as "summer- 
grown.” A(;tually, we have found no significant change in the degree of un¬ 
saturation of the fatty acids of the winter- and summer-grown cabbages, the 
extreme values being 195 and 206, the value for batch D, as shown in Table I 
of a previous paper of this series [Chibnall and Channon, 1927, 1], being 
invalidated by the fact that in the early preparations we had been unable to 
free the fatty acids completely from chlorophyll degradation products. 


Table IV. Comparison of glyceride fatty acids arid crystalline 
crude hydrocarbon (% of total ether-soluble material). 

Autumn-sown 8pnng-sown 

(picked April-May) (pickwi July~Aiipist) 



E 

F 

H 

M 

P 

Wt. of crudo Jiydi'ocarbon (a) 

110 

10*9 

190 

17-6 

lO’O 

Wt. of glycorifie fatty acids (6) 

23-1 

23*0 

15*0 

163 

16*6 

Iodine value of fatty acids 

203 

201 

200 

— 

195 

Calooiated icxiine value of 
(a) and (6) mixed 

137 

130 

91 

— 

99 


This finding leads us to wnnder whether the hypothesis of Leathes and 
Raper regarding the variation of the iodine value of fatty acids with tem¬ 
perature may not need extension to include not only fatty acids but other 
fat-solul)le substances present. It is to be remembered that the unsaponi- 
fiable matter of a leaf fat constitutes a large proportion (up to 40 %) of the 
whole fat and if variation in the liquidity with temperature is to be expected 
it seems possible to us that a variation of the degree of unsaturation of the 
unsaponifiable matter as wtU as of the fatty acids may be anticipated. Our 
reason for this is that the amounts of crude saturated hydrocarbon, m.p. 63®, 
present in our extracts have shown considerable variation with the season of 
picking, as is shown by Table IV, in vrhich it is seen that 11 % of 
hydrocarbon is present in winter-grown cabbage, whereas between 16 % and 
19 % is found in the summer-grown plants. At the same time, the percentage 
of fatty acid fell from 23 % to 16 % with no alteration in the iodine value. 
We admit that the unsaturated portion of the unsaponifiable matter may 
also require consideration in this connection, but we tend to regard the hydro¬ 
carbon as being concerned in the metabolism of fatty acids and being in its 
physical properties closely akin to the saturated acids. If this hypothesis be 
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accepted, namely, that the hydrocarbon fraction may be regarded from the 
point of view of liquidity as saturated fatty acid, calculation shows that the 
iodine value of the hydrocarbon-fatty acid mixture in the winter-grown 
cabbage fat is 136 as against 91 for the summer-grown cabbage. Whether 
this variation in the fat derived from cabbages grown in winter and summer 
respectively is significant must await further investigation. 

We will conclude this paper by referring to a matter to which Leathes 
and Raper have already drawn attention, namely, the use of the word ‘‘faf 
in biological chemistry. They have pointed out that riiuch time and labour 
have been lost in researches in which attempts have been made to follow the 
metabolism of ‘"fat” by the determination of the amount of ether-soluble 
material which can be extracted from tissues under various conditions, and 
they have emphasised the necessity of the determination of the amount of 
the fatty acids present in the ether extract rather than of the amount of the 
ether extract itself. Our experiences in this work on the ether extract of 
cabbage-leaf cell c>i}oplasm illustrate this point vividly, for the fatty acids 
make up only about 27 % of the material soluble m ether, and there are 
present not only calcium phosphatidate and an iron compound containing 
phosphorus, but also a higher paraffin and ketone, together with unidentified 
alcohols; in addition, the ether-soluble pigments are present in the extract. 
In biochemistry, it is frequently necessary, after drying a tissue suitably, to 
extract it with ether or some fat solvent in order to obtain one particular 
fat-soluble substance. Such an ether extract as in the present case contains 
so many and various materials, that it seems desirable to us that some word 
be adopted merely to denote such an ether extract irrespective bf what it 
may contain. This seems to us more advantageous than the adoption of the 
word “lipide^' which is used by Bloor [1925] to denote a variety of sub¬ 
stances soluble in fat solvents and related to fatty acids as estqrs or potential 
esters, for nonacosane and di-n-tetradecyl ketone may be as intimately con¬ 
cerned in the metabolism of fatty acids as the higher alcohols which are 
included in such a classification. 

One of us (A. C. C.) is indebted to the Eoyal Society for a grant from which 
part of the expenses of this research was defrayed. 
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It has been found necessary during researches into the colloidal properties 
of blood-serum and of the component serum-protein fractions to have recourse 
to methods involving dialysis. 

It was found [Voge, 1928], when dealing with syphilitic serum, that the 
'‘syphilitic substance” could not satisfactorily be located in either the euglo- 
bulin or the pseudoglobulin fraction when Liefmann’s method of "splitting” 
serum was adopted and that part- appeared to exist in both fractions. Satis¬ 
factory results were obtained however when serum was placed in a collodion 
membrane and dialysed, the whole of the "syphilitic substance” being located 
in the fraction insoluble in water. In the method originally employed 10 cc. 
of serum were examined and dialyvsis had perforce to be continued for a con¬ 
siderable time to rid the serum of its salts, failing which complete separation 
was not obtained. This prolonged dialysis introduced other difhculties— 
increase in the fluid volume and bacterial contamination. These difficulties 
could be overcome by the use of a manometer and some antiseptic respectively, 
but it was considered feasible to attempt other methods involving smaller 
volumes of fliiid and dialysis under sterile conditions, as the addition of 
antiseptics to serum may involve changes which will vitiate the experiment. 

Methods involving electrodialysis have also been attempted, but great 
difficulty w’as found in regulating the temperature and so this method was 
abandoned. 

A similar line of investigation has been adopted in order to determine in 
which serum fraction agglutinins can be isolated and it has been shown that 
they exert their influence in the euglobulin fraction [Voge, 1929], a view 
which is in agreement with that advanced by Rosenholz [1928], and also 
by Kroeger and Hektoen [1927], the latter investigating the precipitin pheno¬ 
menon. These authors state however that hydrolysis takes place and that the 
active fraction is liberated into the fraction soluble in water. 

It is thtis apparent that a simple and rapid method of dialysis under con¬ 
ditions as nearly as possible approaching sterility is required, especially in view 
pf the use of such euglobulin-antibody fractions in prevention and treatment 
of disease. 

“The work of Rosenholz [1928], Cambesa6d^ and Cochez [1928] and Voge 
[1929] indicates that upon these lines there will be ground for a revaluation 
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of our present methods of prev^entive and curative medicine, since it has 
already been shown [Rosenholz, 1928] that such a fraction can be readily 
obtained and kept in a dry sterile condition. 


Experimental. 

The semi-permeable membranes are prepared from a solution which is 
made up as follows. 5 g. of pyroxylin are dissolved in 80 g. anhydrous ether 
and 20 g. absolute alcohol. This syrupy solution must i)e free from bubbles and 
must be kept in a wide-necked flask fitted with a rubber stopper. A Wasser- 
mann test-tube, •V' v cleaned with aipia regia, 
washed thoroughly in water, alcohol and finally 
ether and dried, is used. It is necessary to observe 
these precautions or otherwise the membrane will 
adhere too firmly to the glass walls and cannot be 
separated without tearing. The tube is now filled 
with the pyroxylin solution, inverted, and the (’on- 
tents are allowed to drain. This process is repeat^al 
after the first coat has dried. Two coats of such a 
solution have been found to yield a membrane oj 
sufiicient strength and yet thin enough to allow 
rapid dialysis. The tube is now filled with sterih' 
water and the saci gently separated from th(‘ glass 
walls with a blunt-pointed instrument. 

A sterile 1 cc. })ipette and rubber teat are now 
employed to withdraw 1 cc. of the serum to lx* 
dialysed. The point of the pipette is inserted wilhiii 
the mouth of the sac, tlie contents ejected ajul the 
tip of th(* pipette lowered until it is just below th(^ 
level of the serum. In this position the sac is firmly 
bound to the })ipette with linen thread and the 
pipette and sac are placed within a sterile bottle. 

The stopper fitted to the flask should be of rubber ]>. 

bored with three holes, on<^ for the inflow of sterile Outlet pipo clialynin^^ ap- 

paratuB 

water, the second for the pipette and the third for E. 8ac, pn^pan^i aw doHC’nbod 

inth(‘ text, bound to pipetto 



Fig. 1. 

A. JStenlo (batilled UHler 

B. K ubber loat. 

('. Plug of cotton wool, 


HO that the point ib l>elow 
the love! of the fluid. At 
the end of 18 hours the solid 
wateronsohible euglobiilin 
JH obwerved at the foot of 
the sac. 


the outflow. It is an additional simplification if the 
stopper is already fitted to the pipette before the sac 
is fitted. The pipette and teat in the position indi¬ 
cated act as a manometer and so control the volume 
of liquid. 

At the ehd of 18 hours a heavy flocculum, insoluble in water, is observed 
at the bottom of the sac; this is mixed with the supernatant fluid and the 
contents are withdrawn into the pipette by means of the teat. (Sterile pipettes 
are fitted with a plug of cotton wool at the upper end so that the teat can be 
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removed to relieve the pressure and obtain suction.) The contents of the 
pipette are ejected into a sterile centrifuge tube and the solid removed from 
the liquid by centrifuging and decanting the supernatant fluid. The water- 
insoluble protein remaining is now emulsified in st(uile saline and can be used 
for animal ex})eriments. 

Isolation of such material has successfully been carried out along these 
lines and subsequent injections into animals have been performed without 
complications due to })acterial contamination. 
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XXV. THE INFLUENCE OF VARIOUS 
SUBSTANCES ON LIPASE ACTIONS 

By ROBERT FREDERICK CORRAN. 

Fnmi the Musjyratt Laboratory of Physical ayrd Electro-Chemistry, 
XJnwersity of LiverpooL 

(Received Febraary 28th, 1929.) 

Rosenheim [1910] has investigated the influence of various compounds on 
the hydrolysis of olive oil by pancreatic lipase. Although no numerical data 
are submitted, he states that lecithin is inert towards ]i[)ase and also that 
cholesterol retards lipase action. In a previous paper [Corran and Lewis, 
1928] results of experiments were recorded which demonstrated that lead, in 
both the ionic and colloidal form, is capable of increasing the lipolytic augmen¬ 
tation produced by serum, both normal and cancerous. In the present paper, 
results are submitted on the influence of the chlorides ol sodium, potassium 
and calcium, and of purified lecithin, cholesterol, lead and copper salts on ^ 
lipolysis in the absence of serum, and the effects of cholesterol, copper and 
mercury on lipolysis in presence of serum. 

The method employed was identical with that outlined in an earlier paper, 
namely, mixing the glycerol extract of lipase, serum, water (or salt solution) 
and olive oil emulsion, the latter consisting of 4 parts of purified olive oil to 
1 part of 1 % acpieous sodium oleate, and allowing the reaction to proceed 
at 37"^ until equilibrium was attained. 

I. The influence of lecithin and cholesterol on lipolysis. 

As mentioned previously Rosenheim found that lecithin is inert towards 
lipase, but that its products of hydrolysis are strong augmentors. In the 
present work a purified lecithin has been employed, in order to ensure that 
any effect observed is due to lecithin, and not to impurities^. A fine sus- 
penBion in water was used, of strength 0-01 M. Table I gives the inean 
results obtained. 

It is evident that the augmentative effect due to lecithin is small com¬ 
pared with those produced by serum and sodium oleate (for example, 1 cc. 
of serum and 1 % sodium oleate give augmentations of 20 cc. and 13 cc. 
respectively [Corran and Lewis, 1928]), the greatest effect being observed with 
1 cc. O'Ol M lecithin suspension. Incidentally, the results recorded in Table I 
confirm the conclusions reached by Rosenheim, that the effect of lecithin on 
lipase is negligible. 

1 An investigation carried out f*n behalf of the Liverpool Medical Research Organisation; 
Director, Prof. W. Blaii' Bell. 

® The writer’s thanks are due to Mr H. I. Price, of the Dept, of Physical UhemUtrv* Uni* 
versity of Liverpool, for the sample of pure lecithin, prepared by Levene’s method [1927]. 
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Table 1. 


i)aratif)n of experiment, 48 hrs. Temperature 37°. 


Lipase 

001 M 


Olive oil 

AVIO NaOH 

Augmentation 

extract 

lecithin 

Water 

emulsion 

n^qiiired 

in A/10 NaOH 

cc. 

cc. 

cc. 

(‘C, 

ec. 

cc. 

1 

00 

fyO 

5 

27-90 

__ 

1 

0-5 

4-0 

T) 

28-20 

0-30 

1 

TO 

4 0 

5 

34-JO 

6-20 

1 

20 

3*0 

5 

33-80 

5-90 

1 

3 0 

20 

o 

31-20 

3-30 

1 

(>•0 

00 

h 

30-00 

2-10 


(V)nsi(lering now the influence of cholesterol on lipolysis, Shaw-Mackenzie 
[J910] concluded that cholesterol opposes the augmentation produced by 
sodium cholalate and it may be inferred that cliolesterol acts as an inhibitor 
towards lipase. The influence of cholesterol was therefore investigated. 

A })urifi(‘d cholesterol^ was used, in the form of a coarse suspension in 
water, strength 0*01 M. from which the cholesterol separated on standing, 
and which was vigorously shaken before the requisite volumes WTre measured 
out. A 9*01 M solution in ether was also employed. In the latter ease, after 
measuring out the requisite quantities of ethereal solution, these WTre added 
to the lipase extract, the ether was allowed to evaporate and wuiter and 
emulsion were finally added. Table II a gives the results using a coarse 
aqueous suspension and Table II 6 the results employing an ethereal solution 
of cholesterol, in the absence of serum. 


Table II u. 



Duration 

of exTK‘riinent, 48 hrs. ’rem})erature 37 . 






Kffcct due to 

Lipase 

0-01 J/ 


.V 10 NaOH 

cholesterol in 

extract 

cholesterol 

Water Lmuision 

rerpiired 

.V;10 NaOH 

cc. 

cc. 

cc, CO. 

(!C. 

cc. 

1 

<K) 

5-0 5 

24-25 


1 

0-5 

4-5 5 

25-30 

^ 1-05 

) 

10 

40 5 

26-95 

+ 2-70 

1 

2 0 

3-0 5 

26-90 

-2-65 

1 

3-0 

20 5 

26-35 

f 2-10 

1 

r>'0 

0-0 5 

25-25 

+ 1-00 



Table II 6. 



1 

0-0 

5-0 5 

24-75 

— 

1 

0*5 

4-5 5 

25-30 

y 0-55 

1 

10 

4-0 5 

26-10 

, 1 35 

1 

20 

30 5 

29-tK) 

+ 515 

1 

30 

2-0 5 

29-55 

-i 4-80 

1 

50 

00 5 

25-90 

r M5 


It is clear that, so far from acting as an inhibitor, cholesterol acts as an 
augmentor in the concentrations employed, although, as in the case of lecithin, 
the effects are small compared with those produced by serum. The maximum 
effect in Table II 6 (5-16 cc. augmentation for 2 cc. cholesterol solution) is 

^ The writer (iesircjs to express his thanks to Dr W, A. Sexton, Dopt. of Organir Chi'inistry, 
University of laverpool, for the sample of purified cholesterol. 
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considerably greater than that obtained from Table II a (2*70 ce. augmen¬ 
tation for 1 ee. cholesterol suspension). The variation must be attributed to 
the unsatisfactory nature of the coarse suspension employed in Tabh‘ II a. 

In view of Shaw-Mackenzie’s results on the influence of cholesterol on 
lipolysis in presence of sodium cholalate, experiments were carried out in 
presence of normal ox serum. The mean results of these experiments are given 
in Table III, The duration of experiment was 48 hours, corresponding to the 
maximum extent of hydrolysis observable. 


Table III. 


Lipase 

extract 

Ox 

serum 

0-01 M 
cholesterol 

Water 

Emulsion 

A/IO NaOH 
re(pured 
ec. 

Effect due to 
cholesterol in 
AMO NaOH 

ec. 

ec. 

cc. 

cc. 

cc. 

cc. 

1 

0-0 

00 

50 

5 

2L*-50 


1 

0-5 

00 

4-5 

5 

4s-.:)0 


1 

0 5 

0-5 

4-0 


49-.50 

t l-(Kj 

1 

0-5 

1-0 

3-5 

5 

48-00 

0-50 

1 

0-5 

2-0 

2-5 

5 

47-50 

LOO 

1 

0*5 

4-5 

00 

5 

HioO 

2-(K) 


The effects due to cholesterol are again small. In low (‘oncenfration of 
cholesterol an augmentative effect is observed, (^hanging, in higlnu’ comien- 
tratioiis, to an inhibitory effect. Th(*ae results differ from those of vShaw- 
Mackenzie in that he found a strong inhibitory at'tion bv cholesterol in all 
concentrations. It may be }»ointed out that the duration of Shaw-Mackenzie’s 
experiments from 2-18 hours gives a measure of the rate of reaction, as thi* 
writer found that 48 hours was the minimum period of reaction in order that 
equilibrium be evstablished. The results of Shaw-Mackenzie and those 
corded in the present paper are therefon* not strictly comparabhe It, is 
evident, moreover, that cholesterol and lecithin }>]ay little part in the lip()I\'ti(‘ 
co-enzyrnic activity of serum. 

II. The influencuc of sodium, i^otassujm axd oalcjum (mLOHioEs 

ON LIPOLYSIS. 

A great deal of doubt exists as to the influence of the salts of the alkali 
metals and the alkaline earth metals on lipase action. Tanaka [1912] st.ates 
that neutral salts of alkali metals augment lipolysis and that salts of the 
alkaline earths (Oa, Ba, Mg) act as inhibitors. Mellanby and Woolley [1914] 
state that electrol}i-.es have no effect on the action of pancreatic steapsin. 
Falk [1918] concludes that sodium salts accelerate^ but do not augment, 

1 An accelerator is hero defined as a substance capable of increasing the raU> of n^action, no 
account being taken of its influence on the extent of reaction. An augmentor is a substance 
capable of increasing the extant of reaction, no account being taken in this case of its influence 
on the rate of reaction; see footnote in previous paper by Corriui and Lewis [1928] The extent 
of hydrolysis observed at periods longer than 48 hours is the same as that observed* at 48 hours 
corresponding to a limiting extent of hydrolysis. A mass action equilibrium is, however not 
assumed. * 
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whilst calcium salts retard the rate and also diminish the extent of lipolysis. 
Hamsik [1911, 1915J, Pekelharin^ fl^^l^] and Willstatter [1923] state that 
sodium and calcium salts accelerate lipase action. With a view to determining 
the influeuce of the salts of the metals mentioned on the extent of lipase 
action, varying quantities of the salts were added to the reaction mixture 
and their effects investigated, Th(‘ concentration of salts employed was in all 
cases low, 0-dl M aqueous solutions being used. The addition of salts was 
found to reduce the stability of the olive oil emulsion employed and it was 
found necessary to shake the reaction vessels at frequent intervals to ensure 
complete emulsification of the olive oil. The results are recorded in Table IV. 


Table IV. 


Lipano 

001 M 

Duration of ex|K‘riment, 48 hi-s. Teinjieraturo 37‘'. 

0 01 A/ 0 01 4/ AMONaOH 

Effect due to 
added salts in 

extract 

Nad 

K(M 

(’ad., 

EniiiDion 

rcaj Hired 

N IO NaOH 

0(“. 

(‘C 

ec. 

ce. 

(•(‘. (T. 

ce. 

cc. 

1 

0 0 

0 0 

00 

50 5 

24-CK) 


1 

OT) 

0-0 

00 

4r> 5 

24 30 

+ 0-30 

1 

10 

0-0 

0 0 

40 .7 

2500 

n l-OO 

1 

C'O 

0-0 

0(> 

:lo 5 

28-20 

+ 4-20 

1 

0 0 

or) 

0-0 

4 5 5 

24-80 

t 0-80 

1 

0 0 

10 

(H> 

4-0 o 

25-30 

+ 1-30 

1 

0-0 

2 0 

0*0 

3-0 5 

27 80 

^ 3-80 

1 

00 

0-0 

0 r> 

4 5 r> 

21-70 

- 2-30 

1 

0 0 

0(> 

l-O 

4-0 5 

10-50 

" 4 50 

1 

0 0 

0‘0 

2-0 

3 0 o 

14-00 

-0 40 

It < 

['vid(oit 

that so( 

liurn and 

potassium chloride^ solutions 

oppose the 

action of calcium 

chloric! 

c. As these salts constitute the greater 

part of the 

inorganic 

salt constituent of serum 

, and moreover 

occur ill siui 

ill quantity. 

it is clear 

that flit 

dialvsa 

ble constituents of serum will have little 

mc'asurable 


augmentative effect on lipase. The results with calcium chloride are inter¬ 
esting in view of Willstatterls observation that (‘alcium chloride accelerates 
lipase action. The difference in reaction conditions, for cxamph‘ p^i of the 
mixture and composition of the hitter, makes comparison of the results 
impossible. 


HI. The influence of r(»ppKK, MKRcrny and 

LEAD SALTS ON L1PC»LVSIS. 

In an earlier paper [Oorrau and Lewis, 1928] results were recorded on the 
influence of lead, both ionic and colloidal, on the lipolytic augmentation 
produced by serum. In every case increases in the effects due to serum were 
recorded. More recently the influence of various metallic salts has been 
investigated, generally in the absence of serum, but in some cases also in the 
presence of serum. 0*01 M aqueous solutions of cupricj and mercuric chlorides 
and 0-01 M lead acetate \vere used. In all cases the duration of experiment 
was 48 hours and the temperature 37°. 
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Table V. Ijifluence o/0-01 M lead acetate on lipase in absence of serum. 


LipaHo 

001 M 





A 71 (> Nbd)K 

Aupimentation 

extract 

Pb acetate 

Water 


Emulsion 

required 

in NjlO NaOH 

cc. 

cc. 


ec. 


oc. 

cc. 

00. 

1 

0'(K) 


500 


5 

25*70 

— 

1 

0-25 


4-75 


5 

20-10 

+ 0*40 

J 

0-50 


4-50 


5 

27*70 

4 2*00 

] 

100 


4 00 


5 

30*m) 

I 5*20 

1 

2-00 


300 


5 

.38*10 

f 12*40 

1 

500 


000 


5 

401(> 

4 14*40 

Table VI. 

hifluence o/0*0l M cupric chloride on lipase in absence of sermn. 

Lipase 

001 M 





.V/l0^^aOH 

Augmentation 

extract 

CuClj 


Water 


Emulsion 

recjiiiml 

in A710 NaOH 

oc. 

cc. 


cc. 


cc. 

cc. 

cc. 

1 

O'OO 


500 


5 

22 50 


1 

0-50 


4-50 


5 

20-00 

- 1*90 

1 

100 


4-00 


5 

lH-5:) 

.3*95 

1 

200 


3*00 


5 

14*01) 

- 8*50 

] 

300 


2*00 


r> 

()*70 

- L^)*80 

1 

500 


0*00 


5 

2*00 

- 19-90 

Table VII. Influence o/0*()l 

M cupric chloridi 

* /;) jyresenee 

(f serum. 








IClfcct <lue to 

Lipjise 

Ox 

001 M 




A' do NaOH 

CAii\ in 

extract 

serum 

CiiCL 


Water 

.Emulsion 

reijuircd 

A/10 NaOH 

Q(i. 

cc. 

cc. 


cc. 

cc. 

cc. 

cc. 

1 

0-0 

OOO 


5*00 


22*00 


1 

0*5 

0'(K1 


4*50 

5 

44-tX) 


1 

0-5 

025 


4*25 

5 

4MO 

- 2-90 

1 

0-5 

oro 


4*(K) 

5 

.34*<i0 

- 9 40 

1 

0-5 

100 


3 50 

5 

29 50 

- 14-50 

1 

0-5 

2-(K) 


2*60 

5 

20*50 

- 17*50 

1 

0-5 

4-50 


0(K) 

5 

0*50 

- 37*50 

Table VIII. 

Influence of 0*01 M mercuric chloride on 

Hpas(‘ in jir<- 

‘sencr ofsennn 








Effect due to 

Lipase 

Ox 

001 M 




■Y/IO NhOH 

HgClg ui 

extract 

bcrum 

Hir(\ 


Water 

Emulsion 

requil'ed 

A7J0 NaOH 

oc. 

cc. 

CC. 


cc. 

cc. 

cc. 

cc. 

1 

00 

000 


5*0 

5 

21*50 


1 

0-5 

0-00 


4*5 

5 

43*17 


1 

0-5 

0-50 


4*0 

5 

40*tK) 

*- 3 *17 

1 

0-5 

100 


3 5 

5 

37 2."> 

- 5-92 

1 

0-5 

2‘m 


2*5 

5 

34*15 

- 9-02 

1 

0-5 

4-50 


0*0 

5 

8*33 

- 34 84 


Copper exerts an inhibitory action on lipase in absence of serum. Moreover, 
both copper and inercnry exert a similar effect on the co-enzymic activity of 
serum. On the other hand, lead exerts an augmentative effect on lipase, both 
in presence and in absence of serum. It might be of advjmtage to compare 
the augmentations produced by lead acetate in absence and in presence of 
serum. In absence of serum, 0*5 cc. of 0*01 M lead acetate solution gives an 
augmentation (in terms of NjlO NaOH) of 2*00 cc. In presence of serum^ a 
similar quantity gives rise to an augmentation of 7*12 cc. Whether lead exerts 
an influence on the enzyme alone or whether it interacts, in addition, with 
the co-enzyme in serum, is not clear. 

^ Those values are the minimum valu^ recorded in an earlier paper [Corran and Lewis, 1928] 
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IV. The lipolytic go-enzyme in serum. 

With the object of endeavouring to ascertain to which of the various 
constituents of serum the lipolytic co-enzyme may be attributed, and, if 
possible, of isolating the co-enzyme itself, ox-serum was submitted to a 
separation into its constituents. 

Fresh ox-senira, previously centrifuged to remove any red blood-corpuscleB, 
was employed. 50 ce. were dialysed in a collodion membrane, the distilled 
water in the surrounding vessel being changed every 0 hours. During dialysis, 
a pre(‘ipitate was formed inside the membrane due to precipitation of a portion 
of the proteins in the serum. The dialysates were collected and thus the 
dialysable inorganic constituents of serum obtained. The mixture inside the 
membrane, consisting of sfuum freed from dialysable salts, was then filtered, 
the residue inside the filter-paper consisting of the euglobiilin fraction. The 
filtrate was tlicn acidified with a few drops of acetic acid and heated in a 
water-bath at IfHU, when the proteins contained therein were precipitated. 
Thus the albumin pseudoglobulin fraction was obtained, leaving in solu¬ 
tion, after filtration, the lipins and their derivatives. No further separation 
was carri(‘d out. The fruetions isolated, namely, inorganic compounds, euglo- 
bulin, psoudoglobiilin I albumin, and lipins. were then made up to 50 cc. 
with water or. alternativelv, evaporated to the nspiired volume, i.c. so that 
the concentration of each constituent was identical with its concentration iu 
the original scruni, the {uotcin fractions being in the form of coarse suspen¬ 
sions. wdiieli were shaken vigorously before volumes were measured out. 
vSamples of 0-5 ce. of each mixture were taken and their li})olytic augment a 
tions determined in the manner ju-eviously described. The accompanying 
table gives the results obtained. 

Table IX. 


AHmmiri 
f pBcudo- 


Lipjisc 

Inorganic 

Euglobiilin 

giubulin 

Lipin 



iV/10 NaOH 

extract 

sait« 

fraction 

fr^iction 

fraction 

ILO 

Emulsion 

required 

oc. 

cc. 

cc. 

cc. 

cc. 

cc. 

cc. 

cc. 

1 

0 0 

0 0 

0 0 

0 0 

0 0 

5 

24*(K.) 

1 

0-5 

00 

00 

0 0 

4 5 

5 , 

24(m 

1 

0-5 

O’O 

00 

0 0 

4-5 

5 

23-80 

1 

00 

0-5 

00 

00 

4-5 

5 

27-80 

1 

0 0 

0-5 

0-0 

00 

4*5 

r> 

28-(K) 

1 

00 

00 

0'.3 

0-0 

4-0 

5 

40-70 

1 

00 

00 

0-5 

0-0 

4() 

6 

40-im 

1 

00 

00 

00 

0-5 

4-5 

0 

24-10 

1 

00 

00 

00 

0'5 

4-0 

6 

24-20 


Table X. Mean augmentations ^mhlueed hg each fraction of scrum. 

cc. A710 NaOH 


Inorganic aalta 0 (K) 

EugiobuJin fraction 3-90 

Albumin + pseudoglobulin fraction 1G-80 

Lipin fraction 0*15 


Total 20 G6 cc. A 710 NaOH 
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(0'5 cc. of untreated fresh ox-serum gives an augmentation of 22-0 cc. 
A/10 NaOH.) It is noteworthy that the total eSects are as close together as 
they are in view of the somewhat drastic alterations in the physico-chemical 
state of the protein fractions. 

It is evident that the albumin -f pseudoglobulin fraction contains the 
greater part of the lipolytic co-enzyme. The value due to the euglobulin 
fraction may be due to the co-enzyme present in this fraction or possibly to 
incomplete separation of the albumin and euglobulin fractions. It is inter¬ 
esting to note that the inorganic salt fraction and the lipin fraction have no 
co-enzymic effect, thus bearing out the results recorded in a juevious section 
of this paper. 

Summary. 

(1) The influence of a number of different com})ounds on lipolysis has 
been investigated. 

(2) The quantitative effects of purified lecithin and cholesterol were 
similar and only slight. In low concentration both compounds act as aug- 
mentors, the values of the augmentations subsequently falling with increasing 
concentration. 

(3) The influences of sodium and potassium chiori<les on lipase are only 
slightly augmentative. Calcium chloride, on the (»ther hand, acts as an in¬ 
hibitor, its (piantitative effect being greater than that of sodium or potassium 
chloride. 

(4) Ionic lead acts as an augnientor towards lipfire in th(‘ pn^seuce and in 
the absence of serum. Copper, both in absence and in presence of serum, 
acts as an inhibitor, as does mercury. 

(5) The albumin + pseudoglobulin fraction of blood-serum was found to 
possess over 80 % of the co-enzymic activity (‘xhibited by serum. 
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XXVI. THE NATURE OF THE PECTIC 
SUBSTANCES OF FLAX. 

A PRELIMINARY INVESTIGATION. 

By FREDERICK WALTER NORRIS. 

Frotn the Department of Biochemistry, University of Birmingham. 

{lieeeived February 28th, 1929.) 

As the result of recent researches our knowled<^e of the pectic substances of 
plants has be(‘orae more systematic, and it is proposed in the present paper 
to adher(‘ to the nomenclature adopted by the American Pectin Symposium 
of 1925. Thus we are now acquainted with |)roto}>ectin, the naturally occurring 
p(‘ctic substance; pectin, the substance extracted from the plant by chemical 
or other means with tin' minimum of chemical degradation; and pectic acid, 
a deriveil product. 

For the purjioses of the [iresent (K)mmunication it is necessary to refer 
briefly to some recent investigations, commencing with the isolation of pectic 
acid [('layson, Norris and Si'hrvver, 1921j. It was shown that pectic acid 
could be })repared from a large variety of plant sources, that it appeared to 
be of constant, or very nearly constant, composition without reference to 
the particular source, and was, in fact, a definite <'h(‘mical entity. Important 
n'searches, notably by Ehrlich [1917, 1924], culminated in the suggestion of 
a ring lormuia for }>ectic acid by Nanji, Paton and Ling [1925]. According 
to this suggestion, pectic acid is the basal substance to which the other pectic 
substances may be rtderred, and the molecule is a closed six-membered ring, 
whose members represent one molecule of anhydro-arabinose, one molecule 
of anhvdro-galactose and four moh'cules of galacturonic anhydride, the four 
(airhoxyl groups of the last luing free. Pectin, or the pectinogeiF^ of 
Schryver and Haynes [1916] and Norris and Schryver [1925], contains, in 
addition, methyl alcohol to a varying extent, in ester combination tvith the 
free carboxyl groups of the original pectic acid. 

No serious objections to this suggested formula have been advanced since 
its publication, nor has the uniform nat ure of pectic acid derived from different 
sources been disputed. Only in one case has there been any indication of a 
departure from this generalisation, that of the pectic substance of flax. 
Ehrlich and Schubert [1926] suggested the presence of xylose in addition to 
the usual constituents of the molecule, but this has not been confirmed. In 
a recent paper on the subject, Henderson [1928] casts some doubt on the 
validity of the ring formula in the case of flax pectin, and rejects it in favour 
of a simpler galactose-tetragalacturonic acid formula: 

(CeH,oO,.4CeH«Oe - H^O),; 

arabinose is regarded as an adventitious adsorbed impurity. 


13—2 
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The present investigation was undertaken to test the correctness of 
Henderson's criticisms. His method of work was not repeated exactly, as it 
was considered advisable at the present stage to prepare the petdic substances 
by the general methods which have been adopted in previous communications 
[Clayson, Norris and 8chryver, 1921; Norris and Schryver, 1925|. Thus there 
is nothing novel in the methods ado])ted, which consist(*d of a first treatment 
of unretted flax with hot water until colourless washings were obtained. The 
flax was then divided into two portions, each re])resenting 200 g. of the 
original flax. One portion was treated directly with 0*5 % ammonium oxalate 
solution at 95-98^ for 2 hours; the extract was then filtered of! and juecipi- 
tated with 2 volumes of 95 % alcohol. The gel was purified by re-solution in 
distilled water and reprecipitation in alcohol some five or six times, when a 
colourless product was finally obtained. This is the soluble pectin, the 
'^pcctinogenof Sihryver and the “ammonium oxalate }>ectin" (»f Ibmderson. 

The other portion of flax was treated first with cold 4 i^odium hydroxide, * 
which was subsequently completely washed from the fibre. The latter was 
then treated as usual with hot ()'5 % ammonium oxalate solution, and a gel 
was precipitated from this extract by concentrated hydrochloric acid. The 
gel in this case was not free from colour, but after rc'peated solution in the 
absolute minimum of dilute ammonia, and re])reci})itati()n in acid ah'ohol, 
most of the colour w'as removed and a good sample of )>ectie aeid obtaimid. 

The ash content, furfural and carbon dioxide produced on liydrolysis 
with 12 % hydrochloric acid were determined for each product, and in the 
case of the soluble pectin, mothoxy) groups wiut' also estimated, tln^ rt‘sults 
being shown below. 


J*ectio acid 
o / 

/() 


Uectiii 


Ash 

Furfural 
Carbon dioxide 
Methoxyl 


()-99 

20-16 (average of 3 dot.) 
17-80 (average of 3 dot.) 


5-3 

20-9 (average of 3 del.) 

Not dot. owing to lack of material 
9-65 (average of 4 dot.) 


IJlSCXJSSION OF RESULTS. 

The results summarised above are quite in accordance with expectations 
based on the ring formula of Nanji, Paton and Ling. Considered side by side 
with analysi^s of pectic acid and pectin from widely different sources, they 
present no unusual features. This is clearly indicated by reference to Table I 
(Nos. 17 and 18). 

Yield of carbon dioxide on hydrolysis. 

Henderson bases his suggested formula on this value, which lie finds to 
be an increasing one with increasing apparent purity of the sample. Thus, 
on repeated re-solution in caustic soda, followed by reprecipitation with acid 
alcojiiol, a product is finally obtained which yields 20-9 % of carbon dioxide. 
Although most of the experimental errors in the determination of carbon 



THE PECTIC SUBSTANCES OF FLAX 


197 


dioxide are likely to lead to high results, this progressive increase is difficult 
to understand, especially in view of the fact that recent work by Candlin 
and Schryver [1928] would seem to indicate that a loss of radicles which yield 
carbon dioxide takes place on prolonged treatment of pectin with caustic soda. 




Table I. 

Analyses of 'pectic substances. 




Nature of 



Furfural 

(JOj 


product 

Source 

Ref<*renre 

*/r) 

o/ 

/o 

]. 

Pure per tic acid 

Pea-pod 

Clayson, Norria and Schryver [1921 j 

207 

"— 

2. 


Turnip 

,, ,, 

21 6 

— 

3. 


( )iiion 


20-7 


4, 

,, 

Orange 

,, ,, 

21-5 

— 

f). 


(Jahhage 

,, ,, 

203 

~ - 

6. 

.. 

Apple 


2P7 

--- 

7. 

(Vudc pectin 

,, 

Nanji, Paton and Lmg [1925] 

— 

13-79 

8. 

Purified |X*ctin 

,, 

,, 


18-56 

9. 

fV('tin A 

Peel 

>> •» 

— 

18-08 

iO. 

„ H 




19-81 

11. 

Pec fir arid 

Orange 



18-09 

12. 


Onion 


— 

18-00 

13. 

Calcium pectate (ralr. on aah-froe baaiH) „ 

— 

17-(i4 

14. 

T‘ectic acid 

Orange juiec' 

Norria ( 1926] 

2()-4 

— 

If). 

Pectin 


,, 

19-2 

-- 


AvcuajLiic of 

observed figurc^« 


20 75 

17 71 


(Calculated figures from ring formula ... 

20-85 

17-64 


Cal< ulaUai from Hendernon formula ... 

14-03 

2070 

16. 

PtH'tic acid 

Flax 

Hendcraon { 192hj 

— 

20-90 

17. 


,, 

Present commurnoation 

20-16 

17-80 

18. 

Pectin 

,, 


20-90 

— 


In discussing the results of Nanji, Paton and Ling. Henderson suggests 
that the yields of carbon dioxide obtained by them approach the higher 
figure, 20*7 %, required by his formula, and that with further purification 
of t/he products this figuj'e might have been reached. In point of actual fact, 
the reverse is true- with increasing purity of product, their results more 
nearly approach the lower figure, 17-6%, required by the ring formula. 
These results are shown in the table (Nos. 7-13); calcium pectate (No, 13) 
can be prepared in a high state of purity, and, with a carbon dioxide yield of 
17*64 % (on ash-free basis), gives the exact figure required by the ring 
formula. Of the other products, the pectic acids, Nos. 11 and 12, were very 
carefully prepared and purified by the wTiter and give results of 18*09 and 
18*00, again very nearly approaching the theoretical figure required by the 
ring formula. Pectic acid obtained from flax in the present instance (No. 17) 
shows a result, 17*8 %, much more closely in agreement with that required 
by the ring formula than with the formula of Henderson. 

Yield of furfural on hydrolysis. 

The case for the formula suggested by Henderson is not strengthened by 
his omission to quote the yields of furfural obtained from his products. The 
average yield of furfural .from pectin is about 20*75 % (see Table I); the 
theoretical yield on the basis of the ring formula is 20*85 %, and in the present 
instance the pectic acid and pectin from flax give 20*16 and 20*9 % respectively. 
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These figures are in good agreement, waa ^ . ly < Plained, 

and here it may be remarked that the calculated figures arc only approximate, 
although the errors involved in the calculation are of the same order as th(^ 
experimental ones. 

If the suggestion of Henderson, that arabinose is an adsorbed and couse- 
queritly variable impurity, is correct, then no constaul: value* for furfural could 
be expected. Further, a substance of the ty])e suggested })y him—galactose- 
tetragalactiironic acid—would yield only approximately 14 % of furfural. 
It is extremely unlikely that so low a figure has ever been quoted in the 
literature in the case of a pure pectic substance, and it is quite outside the 
range indicated in the table. The ap])arent constancy of the furfural yield— 
circa 20 %—militates against the suggestion that arabinose is a variabh* 
constituent of pectin. 

It may be remarked in passing that the methoxyl content, 9*05%, is 
also quite a normal figure for pectin produced by 2 houi's' extraction with 
hot 0*5 % ammonium oxalate. 

It is possible that th(‘ abnormal results obtained by Hend<*rson may be 
due to an impurity, in spite of ])rotracted attempts at purification. Thus it is 
highly probable that pectin is frequently contaminated with substances of 
the type known as hemicelluloses [Norris and Schrv\er, 1925|; further, 
O’Dwyor [1928] has indicated that this type of substance contains methoxyl 
in a form of combination which renders it highly resistant to the action of 
alkali. The observation by Henderson, that even after purification bis product 
still contained a small quantity of residual mtdhoxyl, is in harmony with thi^ 
suggestion that hemicellulose might be an impurity. 

In conclusion it cannot be said that a valid argument has b(‘en advanced 
by Henderson, and there seems to be no adequate reason for n^jecting the* 
ring formula in the case of the pectic substances of flax. 

The results obtained by Henderson with reference to the progressive 
hydrolytic breakdown of pectin are of considerable interest and will form the 
subject of a further communication. 

The author desires to express his thanks to Prof. A. R. Ling for his interest 
in the present work, and to Mr A. C. Hulme for practical assistance, 
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XXVII. STUDIES IN THE METABOLISM OF 
TISSUES GROWING IN VITRO. 

III. CYANIC ACID AS A POSSIBLE PRECURSOR OF 
THE AMMONIA AND UREA FORMED BY EMBRYO 
KIDNEY TISSUE. 

By BARBARA liLlZABETH HOLMES and ELSIE WATCHORN. 

From the Biochemical Laboratory, Caoihridye. 

{Received February 28th, 1929.) 

It Las already been shown [Holmes and Watehorn. 1927; Watchorn and 
Holmes, 1927] that emhryoni{' kidney tissue of the rat growing in vitro is 
capable of forming both ammonia and urea, while under the same conditions 
non-growing tissue is inactive in this respect. For the sake of clearness, it is 
necessary to recapitulatt* this work to some extent, but for details earlier 
papers should be (‘onsulted. Ammonia and urea are CvStinnited by a modifica¬ 
tion of Stanford's [192.‘VJ nudhod, as previously described. The medium em¬ 
ployed is an embryonic tissue extract, made up in Prumett and Compton's 
[1924] modiiication of Ringer’s solution. The controls used are the following: 

(A) 2 i*c. of medium, kept at (C for 48 hours; 

(B) 2 cc. of medium, plus the same amount of embryo kidney tissue as 
is used in the experimental flasks; this is also kept at 0" for 48 hours: 

((') 2 cc. of medium incubated for 48 hours. 

The ex[)erimental preparations are also incubated for 48 hours and consist 
of 2 c,c. of medium plus embryo kidney tissue. From control B the amounts 
of ammonia and urea in the medium and kidney tissue at the beginning of 
the experiment can be determined, while C - A (the difference is usually 
small) allows for any ammonia and urea which may be formed by the medium 
itself during the 48 hours’ incubation through autol\i;ic or other processes. 
The total control is thus represented by B 4- (C -- A). If the content of 
ammonia and urea in the experimental preparations is in excess of that in the 
total control, it is plain that the extra amounts have been formed by the 
activity of the tissue explants. 

The growing tissue is supported upon cotton wool strands, while growth 
is prevented in the ‘"resting” or non-growing preparations by lack of me¬ 
chanical support. The depth of fluid even in this case is very small, but is 
just sufficient to float the minute fragments of tissue. 

We have always found that the content of urea- and ammonia-nitrogen 
in the non-growing specimens is the same as that of the total control that is 
to say these substances are not formed, under our conditions, by non-growing 
tissue. On the other hand the growing tissues form very considerable amounts 
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of both these substances. Q^iite early in the course of the work it became 
obvious that sometimes it was chiefly ammonia that was formed, and some¬ 
times chiefly m*ea, although there was no reason to suppose that the con¬ 
ditions could have varied from one experiment to another. Moreov(*r we have 
sometimes found that when one experimental series included two growing 
preparations, the total rise in ammonia- and urea-nitrogen might be the same 
in both of them, but in one case it might be predominantly urea and in the 
other predominantly ammonia formation which accounted for the rise. The 
medium on the other hand would be identical in the two cases, and the 
kidneys taken from embryos of the same litter, so that conditions would not 
differ to any appreciable extent. The following example is taken from an 
experiment giving this type of result: 

Total control Iflt gro\sci 2 n(l ^row^er 

mg. mg. mg. 

NH 3 -N 0-060 0-073 0-084 

Uf-ca-N 0-027 0 054 0 040 

XH, + Urea-X 0-087 0 127 0 -12 i 

It is quite certain that rat kidney tissue does not contain urease, so'that 
in no case can the ammonia be formed from urea, and, on the other hand, we 
have never obtained any results suggesting that the tissue is capable of con¬ 
verting ammonia into urea. In order to test this point we have carried out 
experiments in which ammonia has been added to the medium. In no case, 
either in floating or growing preparations, has there been any utilisation of 
the ammonia to form urea. 

It seems therefore, that we cannot account for the apparently alternative 
appearance of urea and ammonia during growth by assuming that either of 
these substances, once formed, can be converted into the other. 

The simplest explanation of the results is that there is a common pre¬ 
cursor of urea and ammonia, which may be easily converted into either of 
these, and which is made by the growing tissues during the breakdown of 
nitrogenous substances. 

Werner [1923] and Fearon and Montgomery [1924] have suggested that 
cyanic acid may arise in the animal body as a result of the deamination of 
amino-acids, and that this could then give rise (as it is, of course, well known 
to do in vitro) to both ammonia and urea. Fearon and Montgomery have 
shown that cyanate may be formed during the oxidation of amino-acids in 
vitro (particularly in the presence of carbon compounds), but the evidence 
for its formation in the animal body is very slender. 

However, if Werner’s theories are correct, we may imagine that the 
growing preparations of kidney tissue can form cyanic acid during the de¬ 
amination of the protein derivatives contained in the medium. The non¬ 
growing tissues do not carry out these deaminations to any extent, but if 
supplied with cyanic acid from outside they should produce ammonia and 
urea from it, so that a non-growing preparation to which cyanic acid had been 
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added might give the Hame ty^pe of result as a growing preparation with an 
ordinary medium. A series of experiments was undertaken to test this point. 

Neutralised potassium cyanate (jOjj 7'2), which contains, of course, a con¬ 
siderable proportion of free cyanic acid, was used. The Ringer’s solution 
containing cyanate was sterilised by filtration through a candle, in order to 
avoid breakdown of the cyanate. The final concentration was such that about 
0*05 or 0‘0G mg. of cyanate-nitrogen was present in 2 cc. medium. The best 
results arc obtained with embryos two or three days before their expected 
birth. It was very necessary to show that the cyanate in this coJicentration 
was not toxi(‘ to the tissues, as dead tissue would ])robably give rise to ammonia 
and urea by autolysis. Many microscopical examinations were therefore 
carried out, and it is safe to say that the cyanate did not inhibit the growth 
of embr}'Oni(; kidney tissue and it is very improbable that it was appreciably 
toxic, at this dilution. The objection of the extreme toxicity of cyanate has 
often been brought forward against the Werner and Fearon theory. This 
objection is plainly not valid, and it tnust be ])ointed out that the concen¬ 
tration of cyanic acid in our me<iium (7*5- 9*0 mg. cyanic acid per 100 pc.) is 
consideralily greater than that su]>posed by Montgomery [1925] to be present, 
in blood. 

Table I. 

Ammonia-X Urea-N Total urea-N 4 -NH 3 -N 




llcstaiig 


Resting 


Resting 

Kxp. 

Control 

tis.suc 

Control 

tissue 

Coiit rol 

t issue 

Xo. 

mg. 

mg. 

nig. 

mg. 

mg. 

mg. 

54 

0034 

0-045 

0-016 

0-016 

0*050 

o-cxn 

59 

0-026 

0-021 

0-021 

00.72 

0-050 

0-073 

60 

0-036 

0-054* 

0-040 


0 076 

— 



0-050 


0-048 


0*098 

66 

0-<»30 

0*048 

0-016 

0021 

0 -(H6 

0*069 



0-043 


0*019 


0-062 

69 

0026 

0-039 

0-028 

0*028 

0-054 

0-067 



0-033 


0-050 


0*083 

70 

0-034 

0035 

0032 

OOoO 

0*066 

0-085 



0-048 


0 065 


0113 

72 

0-028 

0-054 

0-042 

()*()44 

0*070 

0*098 



O-(KK) 


— 




* Where two sots of figures are given, these refer to two .separate preparations in the same 
exporimcmtal senes, the control therefore being the same for both. 

The results are given in Table I, and it can be seen that in the presence 
of non-growing embryonic kidney tissue the added cyanate is partdy broken 
down, yielding ammonia or urea, or a mixture of the two, thus giving results 
exactly like those found in the case of growing tissue without added cyanate. 
When no tissue was present, and the medium incubated byitself (control C), 
there was not usually any perceptible breakdown of the cyanate, though this 
did occur on one or two occasions (these experiments are not quoted in the 
table). It is therefore undoubtedly true that the kidney tissue can catalyse 
the breakdown of the cyanate in some way, though whether by direct enzymic 
action or by indirect physical means, such as local alterations of pjj in the 
medium, it is not possible to say. 
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No breakdown of eyanate occurs during the course of the estimations, 
provided that the temperature is not raised above 55"" during the distil¬ 
lations. 

Although these experiments cannot be held to prove that cyanic acid is 
formed by the nitrogejious metabolism of growing tissues, it can be said that 
if cyanic acid is formed during growth then the results which we have formerly 
described can be very satisfactorily explained. 

Werner [1923] suggests that the following ecpiation represents the forma¬ 
tion of urea from eyanate: 

2 HN: CO i H 2 O - C()N 2 H 4 ! (U, 

whereas in the presence of extra ammonia he thinks that more urea would 
be formed from the same amount of eyanate, the ammonia being utilised: 

2 HN; CO y 2 NH 3 2(K )N 2 H 4 . 

According to this theory, the tissues growing in embryo extract, iJ Ihey were 
in fact forming eyanate. should utilise some of the ammonia already present 
to form urea. This, however, never occurred. (*ven when extra ammonia was 
"added to the medium. This does not show that eyanate is not formed during 
growth, as we were at first inclined to think, since when eyanate was actually 
added to the medium there was no sign of ammonia utilisation, nor was there 
anything to suggest that the proportion of urea formed deiiended upon the 
amount of ammonia present. Possibly the concirntrations of ammonia used 
(about 3 mg. per 100 oc.) were not sufficient to afTeet the remdion. During 
life there may be local concentrations far greater than this, particularly in 
the functioning kidney and liver, but larger amounts, if addial to tlie medium 
of cultures, would probably prevent growTh. 


The hreaMown of 1: hydantoinacetic acuL 


Rome time ago Dakin [1908] described the apjiearanee in the urine of 
the uramido-acid from phenylalanine when the latter was injected intra¬ 
venously into a rabbit, and also of both the uramido- and the hydantoin 
derivatives when inactive tyrosine was fed to cats [Dakin, 1910, 1 ], He 
suggested that urea might be formed directly from these wuthout the inter¬ 
mediate formation of ammonia. He later [1926] pointed out that if cyanic 
acid were present in the body, it would probably react wnth amino-acids to 
give nramido-aeids and hydantoin. When the uramido- and hydantoin de¬ 
rivatives of (^^phenylalanine and rfLleucine were fed to rabbits, they wx^re 
excreted unchanged. How^ever, when the derivatives of rf-glutamic acid were 
fed, only a small proportion could be recovered, and the hydantoinacetic 
acid from Z-aspartic acid was also mainly destroyed in the body. 


COOH.OHg.CH.COs^ 

wi—CO'^ 


NH 


Hydantoinacetic acid 
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It seems probable from Dakin’s work tliat these substances are normally 
formed during metabolism and as their fate is of biochemical interest in con¬ 
nection with the cyanate theory of urea formation in the body, we prepared 
?-hydaritoinacetic acid from /-aspartic acid and potassium cyanate according to 
the directions given by Dakin [1910, 2J. The hydantoia was then added to the 
medium in sufficient amounts to bring the final concentration to ()*06~()*08 %, 
and the Ringer’s solution containing the hydantoiii was sterilised by steaming 
three times. A few experiments only have been carried out, but they show 
quite definitely that the embryo kidney tissue can break down the hydantoin 
and form urea from it without ru'cessarily showing any formation of extra 
ammonia. This breakdown may also occur in the medium wffien this is incubated 
by itself: the enzymes concerned are therefore probably not peculiar to the 
kidney, but can be extracted from other embryonic tissues. For instance, in one 
experimental s(‘ries fhi* urea-N of the total control should have been, judging 
by the controls kept at (k, about 0*92 mg. whereas the urea-N in the incubated 
rm'dium had increased to 0-0.3 mg. in one preparation and 0*054 mg. in another. 
A non-growing tissue pnq)aration \u the same s(‘ries contained 0-043 mg. urea- 
nitrogen. No t'xtra ammonia was found. In one experiment ammonia was 
produced. <uid not urea, the amounts b(*ing as follows: ammonia-N in total 
control 0-0-M mg., and in two non-growing preparations 0*057 and 0*061 mg. 
resp<‘ctively. It is tliendore possible that cyanu‘ acid and not urea itself can 
b(' first split off fnmi th(‘ hydantoin, and give rist‘ to either urea or ammonia. 

It is not possifile to say from these results whether hydantoin formation 
plays an important part in the production of urea from cyanate by kidney 
tissue, 

l iiUsatioti (*f urea hf/ eiNhrf/o/uc kubtff/ Os.vnc, 

During the* course of experiments with added cyanate we found that the 
growffiig preparations often showed a very considerable fall in urea content 
(Table II). It is not at all probable that this reaction would complicate the 
formation of urea from cyanic acid, su})posing the latter to be formed during 
growtli. It is reasonable to suppose that cyanic acid, if formed, would be broken 
down quickly, and would never accumulate to any extent. In this case the 
urea formation from cyanic acid would be the ]>redoTninant reaction, and not 
the disappearance of urea that is noticeable when considerable amounts of 
cyanate have been added. 

Table IL 



Total control 

Non-growing tisane 
Urea-N 

Growing tissue 

Exp. 

Urea-N 

Urea-N 

No. 

mg. 

mg. 

rag. 

54 

0-024 

— 

0*014 

57 

0-028 

___ 

0-016 

60 

0 -(H0 

0-031 


62 

0026 

0-011 

— 

65 

0-050 

0022 

0-008 

68 

0-073 

— 

0-050 

72 

0-038 

— 

0-026 


N»B. In all the above experiments cyanate was added to the medium. 
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The fall in urea content may be quite large, and when the fact that urea 
production is probably proceeding at the same time is taken into considera¬ 
tion, it will be seen that the amounts of urea utilised are very considerable. 
We know that the urea is not broken down to ammonia, so that it is probably 
taking part in a synthesis; as yet, however, we have no further knowledge of 
its fate. 

Some of the examples given in Table II show a fall of urea-nitrogen in 
the non-growing tissue as well as in the growing. In the former it is more 
usual, as already pointed out, to find a rise in urea due to the breakdown of 
the cyanate, and the loss of urea is always greater when growth occurs. The 
incubated medium (control C) often showed a very slight decrease in its urea 
content when compared with the ice-chest medium (control A). That this 
decrease is real and not an experimental error, is shown by the fact that on 
one occasion the drop in urea-N was considerable (over 0-01 mg.). Evidently 
then, the disappearance of urea does not entirely depend upon growth, or 
even upon the presence of embryo kidney tivssue, but can be brought about 
to some extent by the embryo extract used for the medium. 

The disappearance of urea during growth had previously beeti noticed 
[Watchorn and Holmes, 1927] when the medium contained additional glucose, 
though never when the plain embryo extract was used. 


SUMMAK¥. 

(1) The possibility that cyanic acid may be the precursor of ammonia 
and urea formed by growing kidney tissue has been discussed, and experi¬ 
ments have been described to test this point. 

(2) Cyanic acid in the presence of embryo kidney tissue is broken down 
to ammonia and urea, and the tissue catalyses the reaction. 

(3) Cyanic acid does not appear to have a toxic effect upon the tissue, 
when it is present m amounts up to 9*0 mg. per 100 cc. of medium. 

(4) Z-Hydantoinacetic acid, which might arise in the body as the result 
of a reaction between i-aspartic acid and cyanic acid, is also broken down by 
embryonic tissue, and gives rise to urea and ammonia. 

(5) In the presence of cyanate, urea may disappear from the cultures. 
This is particularly the case when the tissue is actively growing. 

Our best thanks are due to Miss A. Patey, who prepared for us a apecimeu 
of pure potassium cyanate. and who also on one or two occasions very kindly 
helped us in the technique of setting up the cultures. 

We are indebted to the Medical Research Council for grants which have 
made this work possible. 
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XXVIII. THE EFFECT OF EXCESSIVE DOSES OF 
IRRADIATED ERGOSTEROL ON THE CALCIUM 
AND PHOSPHORUS CONTENT OF THE BLOOD. 

By LESLIE JULIUS HARRIS and CORBETT PAGE STEWART. 

From the Nvtritional Ixihorntory, Cambridge, arul the Departments of 
Medicul Chemistry and Therapeutics, University of Edinburgh. 

[Report to the Medicrd Research Council.) 

[Received February 28th, 1929.) 

In earlier papers of this series [Harris and Moore, 1928, 1, 2, 1929], a description 
has been given of some of the effects produced by large overdoses of vitamin D 
(irradiated ergosterol). Amongst these effects is the extinisivu deposition of 
calcium salts in various parts of the body. This linding. together with the 
well known effects of deprivation of vitamin I), rendered it desirable to in¬ 
vestigate the effect of overdosage of the vitamin on tin* calciuni and phos¬ 
phorus content of the blood. Hess and Lewis [1928] indeed, had noticed 
several cases of hypercalcaemia and three cases of abnormallv high blood- 
phosphorus in a series of rachitic patients treated with irradiated ergosterol 
at the rate of 2-5 to 5 mg. per diem. 

This note is intended to give a preliminary report of our results. Publi- 
(jation at the present juncture is prompted by the appearance of a not(‘ bv 
Hess, Weinstock and liivkin [1928] which has just come to our notice. Thest* 
authors found that in young rats, on a diet high in phosphorus but (‘on- 
taining negligible amounts of calcium, so that the serum-cahaum was very 
low {6-4 mg. per 100 cc.), the serum-calcium was rapidly raised towards 
a more normal level by daily administration of 1 nig. of irradiated ergosterol. 
Our own experiments differ from those of Hess and his co-workers in two 
important particulars—we used adult animals, and made no attemjit to 
restrict the calcium intake below the normal. 

The main experiment we have to describe was carried out with adult 
rabbits which were allowed an unlimited diet of oats and c.abbage leaves. 
Water was offered to the animals, but was never touched. Six rabbits were 
used and, after a control period during which samples of blood were with¬ 
drawn periodically for estimation of the serum-calcium by the method of 
Kramer and Tisdall [1921] and of the inorganic phosphate of the blood by 
the method of Briggs [1924], were divided into three groups. The first group 
received daily 0*5 cc. of arachis oil; the second received 0-5 cc. arachis oil 
containing 10 mg. non-irradiated ergosterol; the third received 0*5 cc. of 
arachis oil containing 10 mg. irradiated ergosterolh The oil was administered 

1 The ergosterol was irradiated in alcohol as previously described [Harris and Moore, 1928, 1, 2]. 
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by pipette, lest mixing with the ordinary food should lead to its refusal. The 
rabbits proved unexpectedly resistant to overdosage of the vitamin, and it 
was only after nearly a month of this treatment that any change in the blood- 
Ca or -P was noted. Although no record was kept of the food consumption 
it was noted, 25 days after the first dose, that the two rabbits receiving 
irradiated ergosterol had consumed much less than usual. The following day 
food was again refused, and on that day the blood showed an increased content 
of inorganic phosphorus, the serum-calcium, however, remaining normal. 
A fortnight later the blood-phosphorus was still high, about 50 % above 
normal, and the serum-calcium showed a slight increase. The control animals 
showed no significant changf* throughout. (The figures are given in Table I.) 


Table I. 


inorganic phosphoruH }x^r 1(X) cc. blood. 

C'a rug. calcium |>er 100 cc. scrum. 

No crgo.^^b^rol \on-irradiatccl ergosterol Irradiat^ed ergosterol 

1 II III IV V vi 


l )atX) 

V 

Fa 

J* 

Ca 

P 

Fa 

P 

Fa 

P 

Fa 

P 

Fa 

[)vc. loth 

\ 20 

100 

4-50 

11-7 

4 5(» 

9-7 

4-60 

12-0 

o-lH) 

n-4 

5-00 

11-8 

,, 15 th 

4-45 

no 

4-(>0 

11-4 

4-30 

9-5 

4-CH) 

110 

4-,50 

12-4 

5-40 

11-6 

„ 20th 

4 (K) 

10-4 

4-30 

10-3 

4 70 

10-3 

4-50 

11-5 

5-30 

13-0 

5-10 

12-0 

„ :\Ui 

412 

10-7 

4 40 

10-9 

410 

100 

4-00 

11-8 

5-70 

11-8 

5-30 

11-5 

♦lau. .*lr<l 

4-30 

10-3 

4-35 

10-4 

4-30 

10 5 

4-40 

11-3 

5-40 

12-0 

5-00 

11-4 


End of control p<Tio<J. 

Feeding started 







7th 

4-35 

10 -b 

4 2S 

10-3 

4(H) 

10-2 

4-30 

no 

5-10 

11-8 

5-20 

11-7 

„ loth 

4*(K) 

10-7 

4-12 

10-5 

4 44 

10*3 

4(M) 

n-4 

5-72 

11-8 

5-(X) 

12-0 

„ Uth 

4-20 

ll-O 

4 40 

100 

4-40 

9-9 

P20 

lO-S 

4*70 

n-7 

5-30 

11-8 

,, Slst 

4-41 

11-3 

4 17 

101) 

r)-(H) 

__ 

4-30 

IM 

7-50 

11-6 

7-50 

11-8 

Feb. 13 th 

410 

11-5 

4-35 

11-3 

4 70 

10-1 

415 

115 

7-65 

12-5 

8-00 

12-9 

VVe hesitate to at'cx 

q3t the last estimations on rabbits 

V and VI 

as sho’ 

wing 

a definite 

rise 

in the 

serum “C 

a lean m. 

Cert a 

inly they 

are higher than 

the 


preceding ones, but the normal fluctuations in the serum-calcium of rabbits 
are often as great as the difference ))etween the last and penultimate analyses. 
Unfortunately at the tinu‘ we were in ignorance of Hess’s work on the ad¬ 
ministration of vitamin 1) to rats, and the rabbits were killed at this stage 
and examined post morUnn for the characteristic changes. 

Post niartem examination showed that the usual deposition of calcium 
salts had taken place. That in the kidney was visible to the naked eye, and 
the urine in the bladder was noticeably cloudy and found to be saturated 
with calcium salts. The rabbits had not lost weight, however, and, though 
eating less than normally, were by no means starving. 

The absence of a definite hypercalcaemia, even if it be admitted that the 
approaching onset of such a condition is indicated, may be due to the rela¬ 
tively high resistance of the adult animals to overdosage with vitamin D and 
adequate excretion. A larger dose, or continuation of the experiment for a 
longer period, might have produced a definite increase in the serum-calcium. 
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It seems unlikely that the larger amounts of calcium fed to our animals is 
the cause of the difference between our results and those reported by Hess 
in cases of experimental hypocalcaemia. In this connection it is interesting 
to note that Hess, Weinstock and Rivkin [1928] were unable to bring about, 
in adult rats, the rapid fall in the serum-calcium which, in young animals, 
was produced by the low calcium-high phosphorus diet which they employed. 
At the same t ime, the composition of Ihe diet cannot be ignored as a possible 
factor in determining the precise effect of overdosage of vitamin I). Deficiency 
of the vitamin may be followed by a low blood-phosphorus or a low blood- 
calcium, or both, with of course faulty calcification, nccording to the diet; it 
is quite possible that excess of the vitamin may cause high phosphorus or 
high calcium, or both, again according to the diet. Hess states that he is in¬ 
vestigating this point. 

In any case, the degree of hypervitaminosis must have some part In 
deciding the blood-pictiuc, and in an experiment on young rats (100 g.) to 
which irradiated ergosterol (O-l % of diet) was administered until, after 
14 days, a loss of from 20 to 30 g. in weight had resulted, we have found again 
a high inorganic phosphorus content of the blood ami also a definitely raised 
serum-ealeium. The blood, a mixed sample from two rats, contained 7*0 mg. 
of inorganic phosphorus per 100 co., au amount about 50 % al)ove the normal, 
while the mixed serum contained 12-6 mg. of cahium per 100 c(‘., about 25 % 
more than the normal, which in rats is about 10 mg., with a range of 9-5 to 
10*5. The animals used in this experinumt receivinl a diet containing an 
adequate amount of calcium and phosphorus in normal ratio. 

Further experiments are being carried out to show the effect on the 
calcium and jdiosphate content of the blood of different degrees of hyper- 
vitannnosis, and an attempt is being made to investigate the significance of 
the increase in inorganic phosphorus which, iua’ording to the preliminary 
experiments here described, seems to precede the hypercaleaemia. 

Summary. 

1 . In the young rat, the administration of a complete synthetic diet 
(normal Ca-P ratio) containing 0-1 % of irradiated ergosterol was followed 
by a 50 % increase of blood-inorganic phosphate and a 25 % increase of 
serum-calcium. 

2 . In adult rabbits receiving a normal mixed diet, administration of 
10 mg. j)er diem of irradiated ergosterol per animal was followed, after upwards 
of a *fortnight at the normal level, by a 60 % increase in the blood-inorganic 
phosphate. After six weeks there was still no significant rise in serum-calcium 
although abnormal deposits of calcium had already appeared in the body. 

The authors' thanks are due to Dr A* C. White, of Edinburgh University, 
who undertook the care of the rabbits used in this work, and who administered 
the doses of vitamin and obtained the samples of blood for analysis. 
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The expenses of the work were partly defrayed by a grant from the Moray 
Research Fund of Edinburgh University. 
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XXIX. GLYCOLYSIS IN MUSCLE 
AND OTHER TISSUES. 

By EDWIN MARTIN CASE 

{Frank Smart SUident, Gonville and Cains College). 

From the Biochemical Laboratory, Cambridge. 

{Received March 2nd. 1929.) 

As has been pointed out by Meyerhof [1927], the rate at which glucose is 
utilised by the mammalian muscle enzyme system is very much smaller than 
that at which glycogen is broken down to lactic acid. This is true whether 
minced muscle or muscle extract be employed, but in the latter case the 
difference is much more marked; in fact it is commonly found that an extract 
highly active for glycogen is practically without action upon glucose in similar 
concentration. In presence, however, of an activator whose preparation from 
yeast is described by Meyerhof, such an extract acquires the power of dealing 
with glucose and other fermentable hexoses. 

It is well known that certain tissues other than muscle, e.g. brain and 
kidney, habitually metabolise glucose with formation of lactic acid; this has 
been demonstrated in the case of brain by Warburg, Posener and Negelein 
[1924], Loebel [1925] and by Holmes and Holmes [1925 and other papers], 
and in the case of kidney by Irving [1927, 1928]. In view of such observations 
the interesting possibility arises that these tissues may contain an activator 
similar in nature to the substance which can be obtained from yeast. The 
work reported in this paper comprises a number of observations which arose 
out of experiments originally undertaken with the purpose of testing this view. 

Preliminary results appeared to indicate that brain did contain a factor 
which could he extracted and which was capable of activating the system 
[muscle -V glucose) with production of lactic acid; and the same seemed to 
he true, in lesBer degree, for kidney. After a series of failures to obtain active 
extracts, however, it became apparent that the power of activation was de¬ 
pendent upon the presence of intact tissue in the so-called extracts; and when 
cell-free preparations were used, or when the tissues were finely ground during 
the process of extraction, in no case was any activating power demonstrable. 
This finding is in concordance with the state of afiairs in muscle tissue itself, 
in that whole muscle is able to a certain extent to utilise glucose for the 
formation of lactic acid—a property which is in large degree lost on mincing, 
and almost completely lost in an aqueous extract. 

It would appear then that at least in the instances of muscle, brain and 
kidney the first stage in the fermentation of glucose is a process involving 
intact cells, an observation which has been made by Irving for kidney tissue 



GLYCOLYSIS IN TISSUES 


211 


and for red blood-corpuscles. Altbough there is no reason to suppose that the 
series of reactions leading to the production of lactic acid from carbohydrate 
is the same for muscle and other tissues, the fact that these other tissues are 
able to activate glucose in such a way that it can be attacked and fermented 
by the muscle enzymes supports the possibility that this first stage at least 
may be identical in all three cases. 


Methods. 

The suspensions of the various tissues employed were made, except where 
otherwise stated, by chopping the material finely with scissors and razor, 
after which the chopped mass was thoroughly mixed with water, or more 
frequently with Ringer’s solution, in such a way that 5 g. tissue were equi¬ 
valent to 30 cc. of suspension. After allowing the coarser particles to settle 
the suspensions were used without further treatment. At first these opera* 
lions were carried out at 0 °, but this was later found to be quite unnecessary 
and indeed to have a somewhat detrimental effect on the subsequent activity 
of the ])reparations. Fresh tissue was always em])loyed, the brain and kidney 
being taken from the same rabbit as was iLsed for the making of the muscle 
extracts. In the case of the kidney the cortex only was used. 

Muscle extracts were made exactly as described in a former paper [Case 
and McChillagh, 1928]. 

Experimental tubes were set up as follows: 

25 cc. muscle extract, 

10 cc. 2 % glucose, 

10 cc. phosphate buffer (as in iornier work), 

5 cc. activating fluid (or water for controls). 

The muscle extract was always added last of all; 15 cc. samples were then 
nuxed with 45 cc. of trichloroacetic acid, and the remainder incubated for 
2 hours in a water-bath at 27°. At the end of this period further samples were 
taken in the same way. After filtering off the precipitated proteins, 30 cc. of 
each filtrate were treated with 10 cc. of 10% lime suspension and 5 cc. of 
10% CuSO^ to remove interfering carbohydrates. Lactic acid was then 
estimated on 5 or 10 cc. of the copper-lime filtrate according to the method 
of Friedemann, Cotonio and ShafiFer [1927J. 

Where phosphates were measured, the Briggs modification of the Bell- 
Doisy method w^as used. 

Table I. 

mg. lactic acid in 15 cc. sample 


t -^ 

Before incubation kit^i mcubation 





Schenk 

— As -^ 


Schenk 

Trichloroacetic 

Trichloroacetic 

1 . 

5-7 

5 9 

ISO 

18-H 

2. 

SI 

7-9 

27-5 

28-3 

3. 

no 

122 

23-5 

23-6 

4. 

6*4 

6*6 

24^0 

25* 1 


U—2 
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The method of deproteinisation by means of trichloroacetic acid indicated 
above has been checked against the more laborious Schenk procedure and 
has been found to give entirely satisfactory results. This is shown by the 
typical figures given in Table 1. In each case the samples were taken from 
incubation mixtures of muscle extract, buffer and starch. 

These are enough to show that the differences which exist between the 
values obtained by the two methods lie for the most part within experimental 
error. 

Cowparison of brain, kidney, etc. with yeast activator. 


Table II demonstrates the production of 

lactic acid from glucose in 

presence of brain and of kidney. 

In tubes 5 and 6 the muscle extract had 

previously been heated at 80° for 

5 minutes, so 

that these tubes are controls 

showing that the quantities of brain and kidney 

employed did not alone give 

rise to the formation of appreciable amounts of lactic acid. 



Table II. 




mg. lactic acid in 15 cc 

sample 


Before 

.After 



incubation 

incubation 

Change 

1 . Water control 

8-5 

9 2 

0-7 

2 . Yeast activator 

8-9 

23 0 

141 

li. Brain 

9-2 

170 

7-8 

4. Kidney 

8 -t) 

15-2 

00 

5. Brain (-4 heated muscle) . 

8-0 

8-0 

00 

6 . Kidney ( + heated muscle) 

8-2 

8-3 

01 

Various other tissues were next tried under the same conditions as brain 

and kidney. The results are given 

in Table III. 




Table 111. 




ing. lactic acid in 15 ec 

A__ 

sample 


Before 

After 



incubation 

incubation 

Change 

1 . Water control 

9-6 

10-2 

0 -() 

2. Brain 

9-6 

25-3 

15-7 

3. Kidney 

91 

18-9 

9-8 

4. Liver 

95 

11-3 

1-8 

5. Spleen 

90 

9-7 

0-7 

6 , Testis 

9-7 

10-0 

0-3 

7. Lung . 

90 

10-2 

1-2 

8 . Muscle 

100 

14-2 

4-2 

9. Blood . 

9-9 

12-8 

2-9 

10. Brain ( + heated muscle) . 

lOT 

10-9 

0-8 

11. Kidney (-i heated muscle) 

10-4 

113 

0-9 

12 . Blood ( + heated muibole) . 

10-2 

10-1 

-0-1 


Other than brain and kidney, the only tissues which here bring about 
activation are muscle, as would be expected, and blood. This latter is of interest 
in view of Irving’s [1926] investigations on the glycolysis of red blood-cor¬ 
puscles. The experiment was repeated, using a suspension of blood-corpuscles 
which had been centrifuged and washed with saline. The blood was obtained 
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from a rabbit killed by a blow on the neck, as it was feared tba,t amytal 
might exert a disturbing influence. 

Table IV. 

mg. lactic acid in 15 cc. sample 

Before After 

incubation incubation Change 

J. Water control. 8*4 8-6 0-2 

2. Blood-corpuscles ... ... ... 8-7 l()-9 2-2 

3. Blood-corpuscles (-cheated muscle)... 8*9 9-2 0 3 

The activation by the blood-corpuscles, though not very marked in extent, 
is nevertheless quite definite. 

Table V gives typical results of experiments which were done to illustrate 
the deleterious effect of grinding and filtering, etc. 


Table V. 

mg. lactic acid in 15 cc. sample 

_A_ 




Before 

After 




incubation 

incubation 

Change 

1. 

Water control 

11-3 

ns 

0-5 


Brain chopped ( 4 Ringer) 

11-7 

28-8 

171 

3 ! 

,, <‘liopped (-f water) ... 

11-4 

BAG 

8*2 

4. 

,, Ringer suspension centrifuged 

11-7 

141 

2'4 

5. 

,, Ringer filtered through muslin 

11-9 

17-7 

5-S 

6. 

,, ground lightly with sand ... 

120 

14-G 

26 

7. 

,, well ground wuth sand 

Kidney choj)ped as usual ... 

11-8 

120 

0-2 

8. 

12-4 

21-9 

9-5 

9. 

,, ,, and centrifuged 

11*8 

12-5 

0-7 

10. 

,, ground wth sand 

120 

11-7 

0-3 


It is evident from this that the activation which is brought about by 
brain and kidney is not dependent upon a soluble or extractable substance, 
as is the case with yeast; for any process which destroys or removes intact 
cells has a corresponding effect iji diminishing the activating power of the 
tissue. 

Attempts which have been made to prepare alcoholic precipitations and 
to bring about separation by means of various other precipitants have all 
proved fruitless. 

The effect of cyanide on the activation. 

The glycolysis of brain tissue is known not to be affected by the presence 
of cyanide; in fact this substance is usually added to the buffer solutions used 
in investigations concerning brain carbohydrate metabolism, in order to 
prevent oxidation of lactic acid which otherwise takes place to a large extent. 
Nor does cyanide exert any influence on the production of lactic acid from 
carbohydrate by muscle extract. 

On the other hand, it has been shown by Irving [1927] that the utilisation 
of glucose by kidney tissue can be completely inhibited by potassium cyanide 
in small concentration. It seemed of interest therefore to ascertain whether 
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Cyanide would inhibit the activation of glucose muscle by kidney tissue 
and not by brain. 

First of all the following experiment was performed in order to confirm 
the fact that while the glycolysis of brain itself is not inhibited by cyanide, 
that of kidney is. 

Tubes were set up thus: 

1 . f) g. chopped brain 4 10 cc. 2 % glucose+ 20 cc. yjhosphate buffer 

2 . 5 g. chopped brain „ „ ,, H 3//500KCN 

3. 5 g. chopped kidney „ „ ,, 

4. 5 g. chopped kidney „ „ „ + M /500 KCN 


Table VL 


mg. lactic acid in 15 ct*. sample 

^ —..— -- ----^ 



Before incubation 

Aftor incubation 

Change 

1 . 

2-8 

M) 

-0-9 

«> 

2-9 

5-6 

-1-2-7 

Tk 

20 

5-5 

1 3-5 

4. 

2*3 

2-6 

+ 0-3 


Table VII presents the results of a typical experiment ])erf()rined with 
the object of investigating the infimmce of cyanide on the attivations of 
yeast, brain and kidney. 

The incubation tubes were as follows: 


1 - 

2 . 

a! 

4. 

5. 

6 . 

7. 

8 . 

9. 

10 . 

11 . 


25 ce. muscle + 10 cc. glucose + 10 cc. buffer + 5 ce. HgO 

5 cc, yeast activator 

5 cc. brain 


+ 3//500 KCN 


(heated) 

(heated) 

25 cc. muscle 

(heated) 

(heated) 


„ +.U/500KCN* 

-i-3//5(X)KCN 
5 cc. kidney 

„ .If/500 KCN 

" +jl//500KCN 


Table VII. 

mg. lactic acid in 15 cc. sample 



Before incubation 

After incubation 

Change 

1 . 

5-5 

6-4 

0-9 

2 . 

6-5 

18-2 

12-7 

3. 

6-6 

19-0 

13-4 

4. 

6-4 

13-3 

7-9 

5. 

5-6 

14-0 

8-5 

6 . 

6-0 

6-2 

1-2 

7. 

61 

6-5 

1-4 

8 . 

5-7 

15-7 

10-0 

9. 

5-6 

16*4 

9-8 

10 . 

6-2 

54 

0-2 

11 . 

5-3 

6-4 

0-1 


From the figures in the foregoing two tables the following facts of im- 
portance emerge. 

(a) Brain glycolysis is not inhibited by M/600 KCN. 

(b) Kidney glycolysis on the other hand is prevented by this concern 
tration of cyanide. 
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(c) The activation of the system muscle + glucose by either yeast, brain 
or kidney is unaffected by cyanide. 

The conclusion must be drawn from this that the stage at which cyanide 
inhibits glycolysis by kidney tissue alone is one subsequent to the preliminary 
process of activation. This is what might be expected, in that there is no 
reason to suppose that the mechanism of activation involves any oxidative 
process. 

The influence of fluoride. 

It is well known that when fluoride is present in an incubated mixture of 
starch or glycogen and muscle extract, the breakdowm of hexosephosphates 
but not their formation is prevented; consequently no lactic acid appears, 
and free phosphate rapidly disappears. 

In the course of some experiments with yeast activator it was found that 
the addition of fluoride to the system (muscle f glucose activator) sup¬ 
pressed not only the formation of lactic acid, but in addition the synthesis 
of hexosephosphate, so that no change in either carbohydrate, free phosphate 
or lactic acid was observable at the end of the incubation. 

The effe(‘t of fluoride on the changes occurring in presence of brain and 
kidney was therefore tried, with the results shown in Table VIII. 

The contents of the tubes were as follows: 

1, MiiHt'Io ^ starc'h 4 biifliT e 5 (c. 

'1. ,, ,, ,, ,, 4 U/5()NaF 

3. ,, |.^hicose ,. f) (c. v(‘ast actuator 

4. „ „ „ „ +.U/r>ONaF 

5. ,, ,, 5 cc. bram 

b. „ .. „ +M/50NaF 

7. „ ,, 5 cc. kidney 

8. „ „ „ „ +J//50NaF 

(The usual controls with heated muscle extract were performed, but are 
omitted for the sake of clarity.) 

In addition to lactic acid determinations, free phosphate was estimated 
before and after incubation in 3 cc. of the trichloroacetic acid filtrate. 

Table VIII. 



mg. lactic 

acid in 15 cc. 

sample 

mg. P as 

free phosphate 

in 3 cc. samph 


Before 

After 

Change 

Before 

After 

Change 

1. 

7-8 

28-2 

204 

0-82 

0-77 

- 0-05 

2. 

7-8 

81 

0-3 

0-83 

012 

-0-71 

3. 

7-9 

26-9 

18-0 

0-94 

0-62 

-0 32 

4. ‘ 

7-8 

8-2 

04 

0-94 

0-92 

-002 

5. 

8-0 

17-5 

9-5 

0-85 

0-80 

- 005 

6 . 

7*9 

7-6 

-0*3 

0-86 

0-39 

-0 47 

7. 

81 

160 

7-9 

0-84 

0-72 

-012 

8. 

8-0 

8‘2 

0-2 

0-85 

0-25 

-0-60 


This demonstrates that the action of fluoride, when muscle extract is 
utilising glucose in presence of brain or kidney, is similar to its effect in the 
case where muscle extract alone is breaking down starch or glycogen; i.e. 
the hydrolysis of phosphoric esters is prevented: whereas when yeast acti- 
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vator is employed, fluoride prevents even the synthesis of hexosephosphate 
from glucose. 

The effect of phloridzin etc. vpon yeast activation. 

Dann and Quastel [1928] showed that the zymin fermentation of glucose 
was greatly retarded by phloridzin and the corresponding phenol, phloro- 
glueinol; glucosides other than phloridzin did not exhibit this phenomenon. 

It seemed conceivable that phloridzin and phloroglucinol might also exert 
this inhibitory efiect upon the activation of glucose by yeast prior to glyco¬ 
lysis. If this were found to be the case it would b(‘ evidence that the first 
change undergone by glucose is the same in the cases of alcoholic fermentation 
and glycolysis. The following experiment however shows ihe entire absence 
of any effect of these substances. In addition to the usual contents, each 
incubation vessel contained 10 gram-molecule of the material under test. 


Table IX. 

lactic acid in 15 co. sample 


1. 

Water control 


Before 

incubation 

r)'3 

After 

inrubaUon 

5-7 

Change 

0>4 

2. 

Yeast activator 


5*5 

20 2 

20-7 

3. 

>> 

+ phloridzin 

5-2 

26-9 

21-7 

4. 

,, 

phloroglucinol 

5-7 

274 

21-7 

5. 

>> 

-f amygdalin 

51 

25-5 

20'4 

6. 


+ salicin 

5-5 

20-0 

20*6 


From these results one must conclude either that the first or activating 
stage differs in the two processes or that the inhibition observed by Dann 
and Quastel occurs at some later period in the fermentation. 

The effect of tummir tissue on muscle glycolysis. 

It has been stated by Waterman [1924, 1925] and'^by Kraut and Bumm 
[1928] that cell-free extracts of tumours are capable of accelerating the glyco¬ 
lysis of certain normal tissues; these claims have however been criticised on 
various grounds by Brooks and Jowett [1928]. It was thought worth while 
to investigate the influence, if any, of such extracts upon the fermentation 
of glucose by muscle extracts. 

Experiments which were carried out with the Rous chicken sarcoma indi¬ 
cated that, in common with the other tissues that have been tried, cell-free 
extracts of this tumour are not able to activate the utilisation of glucose by 
muscle extract; whereas suspensions of the comparatively uninjured sarcoma 
tissue do possess this power. 

The following are typical of a number of experiments which were made: 

1. Muscle f glucose -f butter -f H^O 

2. „ ,, „ + chopped tumour suspension 

3. „ „ „ „ centrifuged 

4. „ + tumour ground with Ringer’s solution in mortar 

d. ♦. + »» ,, ,, and centrifuged' 

6. „ „ „ -f tumour ground with sand 

7. (heated) „ + chopped tumour suspension 
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The tumours were always obtained from recently-killed fowl. Lactic acid 
estimations before and after incubation are given in Table X. 

Table X. 


mg. lactic acid in 15 cc. wamplo 



Before incubation 

After incubation 

Change 

1. 

6-8 

74) 

M 

2. 

7-2 

28-0 

20-8 

.3. 

7-2 

9-7 

2-5 

4. 

7-2 

13 5 

6-3 

5. 

70 

9-2 

2-2 

e. 

70 

8-3 

1-3 

7. 

6-7 

7-4 

0-7 


Ill this connection it is pertinent to note that, in common with other 
tissues, hashing of cancer tissue diminishes its glycolytic activity, while 
freezing, grinding or extraction destroys this property entirely [Barr, Ronzoni 
and Glaser, 1928]. 


Discussion and summary. 

It is shown that in the presence of small amounts of brain and kidney 
tissue, a muscle enzyme preparation which alone is incapable of any appre¬ 
ciable degree of glycolysis is enabled to ferment glucose with production of 
lactic acid. This activation is compared with that brought about by addition 
to the system of the substance obtained by Meyerhof from yeast. Evidence 
is further adduced to show that, contrary to what occurs in the case of the 
yeast preparation, the activation of glucose by brain and kidney is associated 
with the presence of intact cell-structures. It is not suggested that this 
property is one specific for the tissues mentioned; these were chosen because 
they are among the tissues with the highest glycol 3 d:ic activity, and it is 
probable that their activating power differs from that of other tissues only 
in degree. 

The apparent correlation that exists between glycolysis and the presence 
of uninjured cells is in harmony with the views generally held concerning 
glucose metabolism. It is by no means certain that from any tissue a cell-free 
extract can be obtained which has the power of fermenting glucose, though 
at different times claims of this nature have been made; Stiven [1928], for 
example, has recently described the preparation of a cell-free extract of muscle 
which is stated to produce lactic acid from glucose. Even so, however, the 
fact remains that in the cases of all tissues that have been examined, partial 
or complete destruction of the cell-structure is concomitant with corre¬ 
sponding diminution in glycolytic pow'er, from which the inference may be 
drawn that these structures are essential for at least a major part of the 
glycolytic activity possessed by the tissues. 

A brief study of one particular type of tumour tissue, viz. the Rous 
sarcoma, has indicated that here also the intact tissue is necessary for the 
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activation of glucose, and it has not been found possible to extract any 
substance which possesses this property. 

As to the nature and significance of the activation brought about by these 
tissues or by yeast activator, there is little that can be said. There is at present 
no explanation foi the fact that a muscle extract which vigorously breaks 
down glycogen to lactic acid should be practically inactive when the substrate 
IS glucose, other than the postulate that the hexose molecules which form the 
structure of the polysaccharide are present in some hypothetical ''active’’ 
condition in virtue of which they are accessible to the muscle enzymes. A dis¬ 
cussion of this aspect of the question cannot here be entered u])on, but the 
subject is clearly relevant to a study of glucose activation. 

I wish to express my indebtedness to Sir F. G. Hopkins and Mr J. B. S. 
Haldane for their interest and advice, and to the Department of Scientific 
and Industrial Research for a grant. 
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XXX. PHOSPHORIC ESTERS IN ALCOHOLIC 
FERMENTATION. 

I. THE SEQUENCE OF THE FORMATION OF PHOS¬ 
PHORIC ESTERS AND CARBON DIOXIDE IN 
FERMENTATION BY DRIED YEAST. 

By eric BOYLAND [Grocers' Company Research Scholar). 

From the Biochemical Department, Lister Institute, London, 

[Recewed March 5lli, 1929.) 

After Harden and Youn" [1906] had shown the importance of phosphates 
in fermentation, discovered hexosediphosphate and advanced the equations 

(]) 2C,Hi,(), f 2R,mM\ - 2CO, f 2C,He() f C,n,o 04 (PO,R,), + 2B,0, 

('^) C,H,o 04(P04R2)2 ! 2HX)-f 2 R,HP 04 , 

Harden and Robison [1914] isolated hexosemono})hosphoric ester from fer¬ 
menting yeast juice. Realising that this would complicate the original 
equation. Harden and Henley [1927] investigated the relationship between 
the carbon dioxide and the hexose mono- and di-phosphates formed when 
inorganic ])hosphate is added to fermenting zymin and yeast juice. They found 
th<? ratio of the tw^o esters to be very variable, but the amount of carbon 
dioxide evolved was always somcwdiat less than the equivalent of the total 
phosphorus esterified. On the average of the results obtained wdth zymin 
(acetone yeast), the carbon dioxide was slightly more than equivalent to the 
hexosediphosphoric ester formed. These results can be taken to support the 
view of Meyerhof and Lohman [1927] wdio suggested that hexose monophos¬ 
phate is first formed without liberation of any carbon dioxide, but later reacts 
to liberate carbon dioxide and produce hexosediphosphate. With some yeast 
juices the amount of carbon dioxide is much greater than the amount of 
diphosphoric ester, though it is never more than equivalent to the total 
phosphorus esterified. 

Recently, Robison and Morgan [1928] have isolated a disaccharidemono- 
phosphate, trehalosemonophosphoric ester, from the products of fermentation 
of sugar by dried yeast. Up to the present trehalosemonophosphoric ester 
has only been isolated from dried yeast though there have been indications 
of its occurrence in the products of fermentation by zymin. 

In the present paper the sequence of ester production and carbon dioxide 
evolution and the ratios of the gas to the Cvsters formed by dried yeast are 
examined. 

Experimental method. 

The method used in the first experiments was almost identical with that 
described by Harden and Henley [1927], The precipitation of the barium 
salt of the diphosphoric ester was modified by adding 10 % alcohol in order 



220 


E. BOYLAND 


to obtain more complete precipitation. Later investigation indicated, how¬ 
ever, that this addition of alcohol caused a slight precipitation of the mono¬ 
phosphate, so that it did not give a perfectly clean separation. The free and 
combined phosphate in the solutions were estimated by the colorimetric method 
developed by Martland and Robison [1926]. 

The carbon dioxide was measured by the method of Harden, Thompson 
and Young [1910], and was corrected for the basic rate of fermentation and 
for the gas evolved owing to the production of the relatively acid esters from 
the free phosphate. For this purpose in all cases the gas evolved on addition of 
the trichloroacetic acid was measured. The difference in the amounts of gas 
evolved by this acid at various stages of the fermentation indicates the extent 
of this acid production and the correction is applied to the volume of gas 
liberated by the reaction of the phosphate. 

The influence of the conceritration of 'phosphoric esters on the 
basic rate of fermentation. 

The volume was also corrected for the amount of gas which would have 
been formed by the normal fermentjition without addition of phosphate. 
This last is the basic rate of fermentation caused by the steady hydrolysis 
of the hexosediphos})hate (sec equation 2). Jt was possible to show that in 
the case of many dried yeasts this basic rate of fermentation varied con¬ 
siderably with the concentration of phosphoric esters present. It was therefore 
necessary to investigate the relationship between the basic rate of fermen¬ 
tation and the concentration of phovsphoric esters. 

Several lots of 4 g. dried yeast + 25 cc. of 10 % fructose solution d 0-2 cc. 
of toluene were incubated at and the gas evolved was measured. When 
equilibrium was attained (after at least an hour) various amounts of 0-6 M 
dipotassium hydrogen phosphate solution were added to the different pre- 
jjarations. After all the free phosphate had reacted and equilibrium was again 
attained the basic rate of fermentation was carefully measured and the 
fermentation then stopped in the usual way with trichloroacetic acid, and 
the phosphoric esters were estimated in the trichloroacetic acid filtrate. The 
results of such an experiment are to be found in Table I and in Fig. 1. 

Table I. The rehtion between phosphoric ester concentration and the 
basic rate of fermmtation. added. 


Molecular concentrations 

Exp. 44. Dried yeast of 9. iii. 28. 

Basic or 
hydrolysis 

Ratios 










P as di' 

1* as mono- 

CO. per 

P as diphosphate 

Basic rate 

Basic rate 

Total P 

phoaphate 

phosphate 

5 min. 

P as monophosphate P 

as monophosphate 

P as diphosphate 

0-072 

0-061 

0-011 

2*5 

5*5 

227 

41 

0-098 

0*084 

0-014 

3-0 

6-0 

215 

36 

0-107 

0-091 

0*016 

4-3 

6-7 

268 

47 

0*152 

0-196 

0-017 

4-9 

8*0 

290 

36 

0*188 

0-171 

0-017 

5-0 

10-0 

294 

29 

0*228 

0-211 

0-017 

5-0 

12-4 

296 

24 
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Except that no large amount of carbon dioxide was evolved and that 
equilibrium was quickly attained, the addition of hexosediphosphate instead 
of potassium phosphate gave almost identical results as regards the equi¬ 


ps 



Molecular concentration. Total P 
Fig. 1. 


Diphosphoric ester. 
-Q- Monophosphoric esters. 


Hydrolysis or basic rate (oc. COj per 5 min.). 


librium attained and the change in basic rate of fermentation. Such an 
experiment is shown in Table II and in Fig. 2. 


Table II. The relatuni between the phosphoric ester concentration and the 
basic rate of fermentation after the addition of hexosediphosphate. 


Exp. 46. Dried yeast of 20. ii. 28. 


Molecular concent rations 

Hydrolysis 


Ratios 


r '' ' ■ 

P as di- 

-1 

P as mono- 

rat-c 
cc. per 

P as diphosphate 

Basic rate 

Basic rate 

Total P 

phosphate 

phosphate 

5 min. 

P as monophosphate 

P as monophosphate P 

as diphosphate 

0-071 

0-061 

0-010 

3-9 

6 1 

390 

64 

0-080 

0-068 

0-012 

4-3 

5 7 

358 

63 

0-087 

0-074 

0-013 

4-7 

6-7 

362 

64 

0-102 

0-088 

0-014 

5-3 

()-3 

382 

60 

0-119 

0-105 

0-014 

6-1 

7-6 

434 

58 

0-131 

0-116 

0-015 

5-8 

7-7 

387 

50 

0-163 

0-149 

0-014 

6-0 

10-6 

428 

40 


These results are in agreement with the earlier work of Harden and Young 
[1910], who found that the addition of phosphate to a fermenting mixture 
of yeast juice and sugar containing very little phosphate, caused a greatly 
increased amount of fermentation. The increase was much greater than the 
carbon dioxide equivalent of the added phosphate, and it was probably due 
in part to the increased basic rate caused by the added phosphate. It is 
therefore probable that there is a necessary phosphoric ester concentration 
for the maximum basic rate of fermentation of yeast juice as well as of dried 
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yeast. Yeast juice seems to require less of this phosphate than does dried 
yeast. 

In calculating the amount of carbon dioxide evolved by the reaction of 
inorganic phosphate, the basal fermentation is therefore assumed to proceed 
at a rate varying with the amount of esterihcation that has occurred. Thus 
up to a certain concentration (varying slightly with the ])reparation) the 
basic rate of fermentation is assumed to be proportional to the concentration 
of esterihed phosphate. At the beginning of the reaction the rate is assumed 
to be the same as that observed before the addition of phosphate. After the 
time of complete esterification it is taken as being the same as that of the 
final basic rate. At a point when half the phosphate is esterified it is assumed 



0 0*^0 0 100 0 150 

Molecular concentration. Total P 

Fig. 2. 



Biphosphoric ester. 

Monophosphoric esters. 

Hydrolysis or basic rate (no. CO^ per 5 rnin ). 


to be half-way between these two rates, and so on. If the basic rate is assumed 
to be that which occurred before the addition of phosphate, then the calcu¬ 
lated amount of carbon dioxide liberated by the phosphate will be too high. 
If it is taken as the final basic rate then the correction will be too large and 
the final figure for the carbon dioxide will be too low. The different methods 
of calculating the basic rate may cause differences of as much as 10 % in 
the calculation of the amount of gas evolved. It is deduced from the previous 
experiments that the assumption of the basic rate being proportional to the 
esterified phosphorus gives the most accurate value for the carbon dioxide. 


The equilibrium of the phosphoric e.^ters. 

These results also show that up to a certain concentration of phosphate, 
there is proportionality between the concentrations of hexosediphosphate, 
monophosphate and the hydrolysis rate. Above this critical concentration, the 
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amount of monophosphate and the hydrolysis rate remain constant. The 
significance of the fact that the basic rate and the monophosphoric ester 
concentration have the same critical concentration is not quite clear, although 
it possibly indicates that the slowest reaction in the system is the formation 
of the monophosphoric ester. The rate of the formation of this ester increases 
up to a certain point with increase in the concentration of hexosediphosphate, 
but beyond the critical point the enzyme acting on the diphosphate becomes 
saturated with this substrate. The limiting factor after this point is not the 
amount of ester present, but rather the amount of enzyme. 

The monophosphoric ester isolated from dried yeast fermentations in 
equilibrium, on analysis and determination of the optical rotation and re¬ 
ducing power, seems to contain 70 % of its phosphorus bound as trehalose- 
monophosphate. 

Hexosediphosphate added to dried yeast fermenting fructose is in part con¬ 
verted into trehalosemonophosphate, thus maintaining the equilibrium ratio 
between the two esters. If this equilibrium is true, it should also be obtained 
when trehalosemonophosphate is added to tlie fermenting mixture. In order 
to test this, a solution of the potassium salt of trehalosemonophosphate was 
added to fermentations which were stopped in the usual way during the 
reaction. The changes in the esters are shown in Table III. The change 
appeared to be accompanied by a slight increase in carbon dioxide evolution. 

Table III. Phosphoric ester cquilihrin/m after the addition of trehalose- 
rno^iophospkatf to dried yeast and fructose. 

Exp. 81. Dried yeast of 9. iii. 28. 


Molecular concentrations 
expressed as P 


Time after 



P as diphosphate 

addition 

Diphosphate 

Mono})hosphate 

P as monoj)hoaphate 

No addition 

0078 

0-013 

0-0 

0 

0-078 

0-020 

3-9 

0 

0-080 

0-018 

4-5 

10 

0-082 

O-OU) 

51 

15 

0-083 

0-015 

50 

30 

0-084 

0-014 

6-0 


Thus trehalosemonophosphate appears to be rapidly hydrolysed by fer¬ 
menting dried yeast with excess sugar and the usual equilibrium ratio between 
the two esters is soon reached. 

The equilibrium is reached in about the same time if hexosediphosphate 
is added to the fermenting mixture, in place of trehalosemonophosphate, as 
is shown in Table IV. In this experiment a solution of the potassium salt of 
hexosediphosphate was added to the fermenting preparations which were 
stopped at various intervals after the additions. The carbon dioxide evolution 
was measured, but the large change in the basic rate and the period required 
for the completion of the reaction made it impossible to calculate the extra 
carbon dioxide evolved, if indeed any was evolved. 
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Table IV. The rate of change in 'phosphoric esters after the addition of 
hexosediphosphate to dried yeast and fructose, 

Exp. 83. Dried yeast of 9. iii. 28. 

Moleeular concentration 


lime after 

expressed as P 

P as diphosphate 

addition 

Diphosphate 

Monophosphate 

P as monophosphate^^ 

o addition 

0101 

0 016 

6-3 

0 

0140 

O'OlO 

8-8 

10 

0136 

0018 

7-5 

20 

0 131 

0-020 

6-6 

30 

0130 

0-020 

6-5 

40 

0 133 

0-020 

t)'6 



Time (min.) after addition of excess ester 

Fig. 3. In curve 1 hexosediphosphate was added; in curve 2 trehalosemonophosphate 
was added to dried yeast fermenting fructose. 

These last two experiments are showm graphically in Fig. 3, w’^here it can 
be seen that the equilibrium of the two esters is a true equilibrium, which is 
attained from either side at almost the same rate. The occurrence of this 
equilibrium ratio of the esters probably indicates that one of these esters is 
derived from the other. 

, The lag between estekifioation and carbon dioxide evolution. 

In order to study the relations of the formation of the various products 
of the reaction of phosphate with dried yeast, the same amount of phosphate 
w'as added to several preparations which were stopped at various times during 
the reaction. The carbon dioxide evolved was measured and the free phos¬ 
phate and phosphoric esters in solution were estimated. The carbon dioxide 
was corrected for the amount evolved by the formation of the relatively acid 
phosphoric esters and for the basic hydrolysis rate. 

The fully corrected results of typical experiments of this kind are shown 
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in Tables V, VI and VII and in Fig. 4. In the tables the ratios of the P in 
the form of the two esters and of the amount of carbon dioxide formed to 
the amount of P as diphosphoric ester, and to the amount of P esterified 
plus the amount of P as monophosphate (P as diphosphate plus twice the P 
as monophosphate) are given. 


Table V. The time relations of the products of the reaction of 
phosphate with dried yeast. 


Exp. 42. 2-5 e(\ 0-6 3/ 

K 2 HP ()4 added to 4 g, 

. dried yeast +25 ce. 10 % fnictose solution. 

Basic rate before addition 2-5 ec.; after, 3-0 ee. pe 

r 5 min. The mono- 

and di-phosphate are ex- 

pressed in U^rras of P. 






* 

Mol. cone, of 




Mol. 

eonc. 

substances formed 

Ratios 


POa 

^ _ 



-' ' — 

- 

esterified 

Time Mono- 

JLh- 

I)i 

Diphosphate 

(3)2 

+ P as mono- 

min. phosphate 

phos]ihate phosphate 

Monophosphate 1 

* esterified 

phosphate 

0 0-020 

0-078 

— 

3-0 

— 


10 0-028 

O-lOl 

0*023 0-024 

3-0 

0-90 

0-89 

20 0-032 

0-105 

01^027 0-040 

3-3 

1-40 

1-18 

30 0-033 

0-107 

0-029 0-04(; 

3-2 

1 28 

1-07 

40 0-031 

0-109 

0-031 0-040 

3 5 

1-28 

1 12 

50 0-033 

0-107 

0-029 0-040 

3 2 

1-28 

1-07 


Table VI. 


Exp. 32 (ct. 3). 5 cc. 0-0 37 K 2 HFO 4 addod to 4 g. dried yea 8 t-i 25 cc. 10% fnictoso 
Holution. BaHic rate before addition 4-4 ec*.; after, 0-5 re. per 5 min. ddie mono- and di-phosphate 
are expressed in ti^rms of P. 



Mol. 

cone. 

Mnl. eonc. of 
siibstances formed 

Ratios 


(H.)2 

3’ime 

Mono- 

'- 

Di- 

Di- 


Diphosphate 

CH)^ 

j’ esterified 
+ 1 ^ as mono- 

min. 

phos})hate 

phosjjhate 

jdjosphate 

CHI 

Monophosphate P 

estt-rihiai 

phosphate 

0 

0-011 

0-073 


- 

(i-() 

— 

— 

15 

0-tH)9 

0-J47 

0-076 

O-Otil 

15 2 

0-85 

0-88 

30 

0-010 

0-170 

0-097 

0-098 

17-0 

1-01 

1-02 

45 

0-023 

0-156 

0083 

0*113 

()-8 

M 8 

1-05 

tiO 

0-025 

0-154 

0-081 

0-113 

6-2 

1-18 

1-03 

75 

0-021 

0-158 

0-085 

0-113 

7-5 

1-18 

1-07 

90 

0-025 

0-154 

0-081 

0-113 

6-2 

M 8 

1-03 





Table 

VII. 



Exp. 02 . 10 

ce. 0-6 3/ 

KaHl^th added to 4 

g. dried yeast + 25 cc. 

10 '‘0 fructose solution. 

Basic 

rate before' addition 

4-4 ec.; after, 6-6 ce. 

per 5 min. The mono- and di-phosphate are 

expressed in terms of P. 







Mol 

eonc. 

Mol eonc. of 
substances formed 

Ratios 


CO 2 








JP esterified 
+ P as mono- 

Time 

r 

Mono- 

—•——, 

Di- 

Di- 


Diphosphate 

(H)2 

rain. 

phosphate 

phosphate 

phosphate 

CO2 

Monophosphate P esterified 
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— 

— 

4*0 

— 
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5 

0-016 

0-078 

0-014 

0-009 

4-9 

0-65 

0-65 

10 

0*019 

0-097 

0*033 

0-018 

5-1 

0-50 

0-46 

15 

0*023 

0-111 

0*047 

0-036 

5-1 

0*68 

0-61 

40 

0'034 

0-196 

0-132 

0*149 

5*7 

1*00 

0-89 

50 

0*034 

0*204 

0140 

0*167 

6*0 

1*06 

0-96 

75 

0*034 

0*204 

0*138 

0*168 

6-0 

1*05 

0-97 


This type of experiment was carried out many times, with different 
^samples of dried yeast and with different amounts of added phosphate, and 
Bioohem. 1929 xxm 
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similar results were always obtained. Examination of these observations 
shows that the hexosediphosphoric ester appears as the first product of the 
reaction and that there is a considerable lag between esterification and the 
evolution of carbon dioxide. This is not due to physical causes such as super- 
saturation, because such would be accounted for in the correction applied 
for the production of acid esters from inorganic* phosphate. In the presence 
of free phosphate, therefore, the esterification proceeds at a higher rate than 
the reaction, w^hatever it may be, whi(*h results in the formation of alcohol 
and carbon dioxide. At the end of the reaction the carbon dioxide juoduction 
overtakes the ester formation and finally somewhat more gas is evolved than 
is equivalent to the reacting phosphate. 



A vsimilar delay in carbon dioxide evolution after the addition of phos¬ 
phate has been indicated by Euler and Johansson [1913]. They considered 
that the activation of the sugar, the formation of hexosediphosphate and 
then of a triosemonophosphate were stages in the reaction of phosphate 
which all occurred before the evolution of carbon dioxide in the reaction of 
phosphate with dried yeast in the presence of dextrose. 

The ratio of carbon dioxide to fhosphoric esters. 

In all cases in which the gas evolved from the complete reaction of phos¬ 
phate was measured, it was found to be somewhat more than equivalent to 
the phosphate. On the other hand maceration extract, yeast juice and zymin, 
so far as at present known, tend to give less than the equivalent amount of 
carbon dioxide from added phosphate [Harden and Henley, 1927; Kluyver 
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and Struik, 1928]. Coupled with this is the fact that dried yeast alone gives 
a monophosphate fraction consisting mainly of trehalosemonophosphate. In 
all the experiments, the ratios of carbon dioxide to the total P esterified, and 
to the total P esterified plus the P as monophos})hate were calculated. The 
results of over 50 such determinations, the averages of which are shown in 
Table VIII, point to equivalence between the carbon dioxide and the total P 
esterified ])lus th(‘ P as monophosphate, be. to the amount of P as diphosphate 
plus twice the amount of P as monophosphate. Thus the phosphorus finally 
bound ns monophosphate appears to react twice. This may possibly be 
explained by a change of the diphosphoric ester into the monophosphoric 
ester and free phosphate at a relatively high rate, the latter then reacting 
again to liberate carbon dioxide and form hexosediphosphate. 

The ratio of carbon dioxide to esterified phosphorus appears to vary with 
the amount of reacting jihosphate, being lower with large amounts of phosphate; 
this may be du(‘ to two causes. Firstly, the addition of large amounts of 
phosphate causes an inhibition in the carbon dioxide production, probably due 
to a lowering of the basic rate of fermentation so that the observed corrected 
nmount of carbon dioxide will be too low. Smaller amounts of phosphate 
product" no such inhibition and there is consequently no error of this kind. 
Secondly, with small amounts of phosphate there is a relatively larger amount 
of monophosphate formed, so that, if the ratio of carbon dioxide to phosphorus 
esterified plus the amount of P as monophosphate remains at unity, then the 
ratio of carbon dioxidt‘ to the phosphorus esterified will necessarily be high. 


Ta ble VIIL The ratio of carbon dioxide evolved to phosjjJioric esters produced 
on adding potassium phosphate to dried yeast fermenting fructose. 

Average ratios 
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2 
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7 

1 05 

0-99 

11. VI. 28 

50 

3 

Mb 

101 

8cotch bottom yeast 5-() 

2 

108 

MK) 


Total 

Average 112 

1-00 


The maximum error in the determination of the ratio of carbon dioxide 
to esterified phosphate is probably about o % in each single experiment. 
The amount of j)ho8phate can be measured easily to 1 % but the carbon 
dioxide cannot be determined to nearer than 2 or 3 %. The determination 
of the monophosphate may have a 10% error, but, as it forms only one-seventh 
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of the total phosphate, the error will only influence the final ratio by 2 %. 
The average of 50 determinations of the ratio of carbon dioxide to the P 
esterified plus the amount of P as monophosphate is 1*00, and this is probably 
accurate to within 2 %. 


Discussion. 

The ratio of the various enzymes in dried yeast is such that under equi¬ 
librium conditions (f.c. when a steady rate of carbon dioxide evolution is 
attained) the esterified phosphate consists mainly of hexosediphosphate to¬ 
gether with a little monophosphoric ester, which is largely the ester of the 
disaccharide trehalose. The equilibrium attained after the addition of phos¬ 
phate (below a certain critical concentration) gives the same ratio of the 
phosphoric esters. There appears to be true equilibrium between the esters, 
depending upon the amounts of the various enzymes jiresent in the pre¬ 
paration. If relatively large amounts of phosphate are added (?.c. above the 
critical concentration) the ratio of hexosediphospliate to monophosphate is 
increased. This can be explained by the saturation of the enzvmie acting on 
the diphosphate, so that increases in its concentration beyond a limiting 
value do not affect the rate of its decomposition. 

In presence of dried yeast the monophosphoric esters are produced late in 
the reaction with phosphate--after much hexosediphosphoric ester has been 
formed—and the phosphorus bound in this form appears to libor«ite two 
equivalent's of carbon dioxide. 

The significance of trehalosemonophosphoric ester in the process ol ier- 
mentation is not yet clear but it is hoped that it will be further elucidated 
in a later communication. 


Summary. 

Experiments on the action of phosphates and observations on the esters 
occurring in fermenting dried yeast preparations have given the following 
results. 

(1) Up to a limiting concentration of phosphoric esters, the basic rate of 
fermentation varies with the concentration of phosphorus present as phos¬ 
phoric esters. Up to this same concentration the ratio of diphosphoric ester 
to monophosphoric ester remains constant, but above the limiting concen¬ 
tration the relative amount of diphosphoric ester increases. 

(2) The addition of inorganic phosphate to dried yeast fermenting fructose 
is followed by esterification and liberation of carbon dioxide, but there is a 
considerable time lag between esterification and the evolution of carbon dioxide. 

(3) The carbon dioxide liberated by phosphate is somewhat more than 
equi\alent to the added phosphate, but is approximately equivalent to the 
phosphorus esterified plus the amount of P as monophosphate formed {i,e. 
the P as diphosphate plus twice the P as monophosphate). 
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(4) In fermentations by dried yeast in presence of phosphate the mono- 
phosphoric esters are formed late in the reaction. Under the conditions 
described in this paper these esters consist mainly of trehalosemonophosphate. 

Throughout this work my indebtedness to Prof. A. Harden and to 
Dr R. Robison will be ob\dous, and I wish to thank them for the constant 
help they have given me during the progress of the research. 
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Evidence has been accumulating for some time that with certain yeast 
preparations a very large proportion of the phosphorus esterified during the 
fermentation of a mixture of sugar and phosphate is found at the close of 
the fermentation in the form of a monophosphoric ester. In his early experi¬ 
ments with yeast juice Robison [1922] obtained as much as 15-^0 % of the 
total esterified P in the form of monophosphate, t'qiiivalent to a molecular 
ratio of diphosphate/monophosphate of 2-8 to 1*6, but in later experiments, 
Robison and Morgan [1928], as much as 47-50 % (molecular ratio ()-5) has 
been observed. These results were obtained by repeated additions of phos¬ 
phate to the fermenting mixture. In our previous paper two low ratios 
(0*61 and 0*72) were noted in this laboratory. The general (‘xperience drawn 
from a large number of experiments is that with dried to[) yeast from a 
brewery high ratios are almost invariably obtained, whereas with yeast 
juice the results are much more variable and low ratios are frequent. 

The matter is further complicated by the fact that the monophosjhate 
formed by dried yeast (brewer’s top yeast) consists very largely of trehalose- 
monophosphate [Robison and Morgan, 19281 whereas this substance has not 
yet been detected among the products from yeast juice. Kluyver and Struik 
[1928], working at Delft with maceration extract prepared from dried yeast, 
have also obtained eonsiderable proportions of monophosphate and consider 
that the ratio in which di- and mono-phosphate are finally present depends on 
the dilution of the extract, more monophosphate (up to 80 % of the total 
esterified) being obtained with the more dilute juice. 

As pointed out in the previous paper the production of monophosphate 
necessitates some modification of the equation originally proposed by Harden 
and Young in which only the formation of diphosphate is taken into account. 
In that paper it was shown that, notwithstanding the considerable variation 
in the proportions of di- and mono-phosphate produced, the ratio of COo/P 
esterified was approximately constant at about 0*9. It was suggested that 
this indicated that about 10 % of the phosphate was esterified without pro¬ 
duction of carbon dioxide. As regards the ratio of C02/hexosediphosphate it 
was pointed out that small deviations from the theoretical value of 2 might 
be accounted for on the ground of partial hydrolysis of the diphosphate with 
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formation of monophosphate. No experimental evidence in favour of this 
supposition is available and, as was then remarked, this explanation is in¬ 
applicable when a large proportion of monophosphate is formed. 

In order to obtain more information on all these points a further series 
of experiments has been made in which (a) dried yeast of various origins, 
(6) maceration extracts made from two of the sam])le8 of dried yeast used 
in (a), and (c) yeast juice were employed. 

Experimental. 

The methods adopted were described in the previous paper [1927]. The 
estimation of the proportions of mono- and di-phosphoric esters produced 
has received further consideration. It has been found by Robison that the 
precipitate of barium salts produced by adding baryta and barium acetate 
to the trichloroacetic acid filtrate from the fermented bquid may not contain 
the whole of the barium hexosediphosphate present. A certain amount may 
remain in solution along with the monophosphate. This is precipitated by 
the addition of one-ninth of a volume of alcohol, so that greater accuracy is 
obtained by estimating the organic phosphorus in the alcoholic filtrate and 
calculating this as monophosphate. Even with this modification the estima¬ 
tion is not susceptible of great accuracy, as a small amount of the mono- 
])hosphate is sometimes precipitated under these conditions. 

A second possible source of error lies in the fact that in the presence of 
free phosphate, hexosediphosjdiate is almost completely removad from solution 
by the treatment with baryta and barium acetate, so that no further preci¬ 
pitate is produced by the addition of alcohol. Since the baryta treatment at 
the commencement of the experiment is carried out in presence of free 
phosphate, it is essential to precipitate wnth 10 % alcohol at the end of the 
experiment, at which period no free phosphate is present, in order to get 
comparable results. In the work rexairded in the previous paper the alcohol 
method was not employed, so that the amounts of monophosphate there 
recorded are probably all somewhat too high and those of diphosphate some¬ 
what too low. 

The samples taken before and after esterification are treated in the same 
way and the numbers quoted below represent the differences between the 
amounts present at the beginning and end of the esterification period. 

Correction for normal rate of fermentation, It was pointed out in the previous 
paper that the steady rate of fermentation at the end of the experiment is 
usually higher than at the commencement, owing to the increased con(‘en- 
tration of esterified phosphate. Boyland [1929] has found that with dried 
yeast the steady rate increases with the total esterified phosphorus u}) to a. 
certain point and then remains constant. It follows from this that the cor¬ 
rection to be applied should vary during the process of esterification. In the 
experiments described by Boyland, in which periodic estimations of esterified 
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phosphate were made, it has been possible to apply a suitable correction at 
each point. The result of this is that his total correction is less than that 
calculated from the final rate only and his residual volume of gas correspond¬ 
ingly greater. The difference may amount to as much as 10 %, but varies very 
greatly with the conditions of the experiment, and is much less for yeast 
juice and zymin than for dried yeast. In the table of results, as in the previous 
one, the final rate only has been used, as we have no intermediate observations 
on which to base any modification. Our final volumes of COg and ratios of 
OO 2 /P esterified would therefore lie expected to be somewhat lower than 
those obtained by Boy land. 

Results. 

Experiments have been carried out with dried yeast, two samples of 
which had been prepared at different times from mild ale yeast and one from 
a baker’s yeast of Dutch origin: two experiments were made with maceration 
extract yjrepared from one of the mild ale dried yeasts and one with macera¬ 
tion extract from the Dutch baker’s yeast; finally three experiments were 
made with yeast juice from mild ale yeasts. The results are given in Table I. 

Discussion. 

Ratio of CO 2 to total P esterified. 

(а) Dried yeast. The average value for this ratio is 1*013 when the final 
rate of fermentation is taken as the basis for the correction for the hydrolysis 
rate. The application of the more accurate correction, in which allowance is 
made for the increase in the hydrolysis rate due to increase in the concen¬ 
tration of hexosephosphate during the fermentation, would bring this to 
about 1*06. It is noteworthy that, whereas in Exps. 84 a and 85 a. in which 
glucose was employed, the evolution of CO 2 was comparatively slow and 
protracted, the repetition of the experiments with the addition of acetaldehyde 
(Exps. 84 b and 85 h) gave a much more rapid evolution of gas and also a 
higher ratio of COg to esterified phosphate. This is almost certainly due to 
the smaller and more accurate correction for hydrolysis required. 

On the whole then we may conclude that in the case of the dried yeasts 
so far studied the ratios of COg to esterified phosphorus are slightly higher 
than unity and markedly higher than those hitherto observed with yeast 
juice or zymin. The origin of this small amount of extra COg is at present 
unexplained [see Boyland, 1929]. 

(б) Maceration extracts. These were prepared by Lebedev’s method [1912] 
from two samples of the dried yeast used in the foregoing experiments. The 
extracts in Exps. 92 and 97 were prepared from the dried yeast (English mild 
ale yeast) used in Exps. 93 and 94, but that used in No. 97 was prepared 
about 2 months after that used in No. 92. These two extracts yield ratios 
almost identical with those given by the dried yeast from which they were 
prepared, viz. 0*97 and 0*98, which would be raised to about 1*01 and 1*02 
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by applying the revised correction for hydrolysis. The extract employed in 
Exp. 99 wliich was made from the Dutch baker’s yeast used in Exp. 98, on 
the other hand, has yielded a much lower ratio (0-86, 0-9 corrected) than the 
corresponding dried yeast (1*09, 1*11 corrected). F’urther experiments are 
necessary before any definite conclusion can be drawn as to the behaviour 
of maceration extract. 

Kluyver and Struik [1928] have devoted much attention to this aspect 
of the subject and regard the ratio as indeterminate. Their experimental 
ratios, obtained with maceration extract, had the values 0*60, ()-71, 0*72, 
0*89, 0*67, 0*71 and 0*82, most of which are below the limits we have observed. 
These figures are, however, not strictly comparable with ours, as the correction 
for the evolution of COg due to change of acidity in passing from phosphate 
to hexosephosphate was calculated and not ascertained experimentally. They 
are obtained from experiments with maceration extracts using in some cases 
comparatively small amounts of phosphate and rather slow evolution of gas, 
so that the correction for hydrolysis rate is relatively larger and correspond¬ 
ingly less accurate than in our experiments. 

Tt must also be remembered that the yeast employ(‘d by Kluyver and 
Struik was different from those we used and the difference between our 
results may be due to this. Further work is certainly ne(*essary to decide this 
point. 

(c) Yeast juice. The three experiments with yeast juice (from English 
mild ale yeast) (Nos. 100, 101 and 102) all gave low ratios, viz. 0*90 (0*91 
corrected), 0*90 (0*92 corrected) and 0*93 (0*93 (‘orrected), in sii})staritia] 
accordance with the three results rpioted in our previous paper (0*87, 0*95 
and 0*83). 


Ratio of hexosedi'phosphate to hexosewonopJtosphafe. 

With dried yeast the amount of combined phosphorus in the form of 
hexosediphosphate is invariably considerably greater than tliat in the form 
of hexosemonophosphate, varying in our present experiments from 92*6 to 
88*3 % of the total phosphorus esterified with the English mild ale yeasts, 
while the Dutch baker’s yeast gave the lower result of 78*1 %. On the other 
hand the maceration extract prepared from two different dried yeasts gave 
very different results. Of the two extracts prepared from English mild ale 
yeast one. No. 92, gave 59*7 % of the total esterified phosphorus as diphosphate, 
and the se(*ond, No. 97, only 13*9%. The sample prepared from a Dutch 
baker’s yeast on the other hand (No, 99) yielded 96*9 % as diphosphate, 
scarcely any monophosphate being formed. 

The three samples of yeast juice also gave variable results, two of them 
(Nos. 101 and 102) yielding 73 and 75*9 % of the total phosphorus esterified 
as diphosphate, whilst the third (No. 100) yielded 92*2 %. 

It must further be remembered that there is an important qualitative 
difference between the monophosphate which is formed by dried yeast, which 



EQUATION OF ALCOHOLIC FERMENTATION 


235 


is largely trelialosemonophospliate, and that formed by yeast juice and zymin, 
which appears to be the hexosemonophosphate studied by Robison [1922], 
The nature of the monophosphate formed by maceration extract has not yet 
been carefully examined from this point of vievv^. 

Kluyver and Struik have also made a series of determinations of the 
relative amounts of mono- and di-phosphate produced by maceration extracts 
under various conditions of dilution and phosphate concentration. They 
[1928] believe that the proportion of monophosphate to diphosphate 
is a function of the dilution of the juice, the more dilute juice producing 
the greater pro])ortion of monophosphate. Preliminary experiments made in 
this laboratory are not in agreement with this conclusion, which will be dealt 
with in a later communication. 

The equation of alcx)hx)lic fermentation. 

The fact which is now well established that in some instances a very large 
])roportion of the esterified })hosphorus is found in the form of hexosemono¬ 
phosphate, whilst at the same time the molecular ratio of CO^ to total esterified 
phosphorus is approximately unity, renders it impossible in these cases to 
exjuess the result by means of Harden and Young's equation. The ratio 
C() 2 /diphosphate in such cases is frequently very high and it is difficult to 
account for such large deviations from the theoretical ratio by any secondary 
changes such as were suggested in our previous paper. 

As far as our experiments go the most definite result is that the molecular 
ratio of carbon dioxide to the total pho8i)horus esterified falls within the 
limits of ()-9 to 1*1, the tendency being for a low ratio with yeast juice, 
maceration extract and zymin, and for a high ratio with dried yeast. In 
other words the evolution of one molecular volume of CO 2 appears always to 
be ac(‘ompanied by the introduction of a phosphoric group into a sugar 
molecule, either a mono- or a di-phosphoric ester being formed. The possi¬ 
bility of the occurrence of a certain amount of (vsterification unaccompanied 
by evolution of CO 2 is also not excluded, but according to our results this 
must be comparatively unimportant. We are yet far from understanding the 
actual course of events resulting in the rupture of a sugar molecule, nor can 
one yet say what determines the jiroportion of mono- and di-phosphate pro¬ 
duced. These questions require and arc receiving further investigation. 

An important point which emerges from these results is that it is necessary 
before venturing on any generalisation to examine preparations of the most 
varied origins under as many modifications of conditions as possible. 
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Summary. 

]. In fermentations of glucose or fructose in presence of phosphate carried 
out with dried yeast, the ratio of extra carbon dioxide evolved to phosphorus 
esterified tends to be slightly higher than unity. 

2. With maceration extract and yeast ]uice this ratio tends to be some¬ 
what lower than unity, as previously found with zymin. 

3. The ratio of hexosediphosphate to hexosernonophosphate formed during 
the fermentation is usually high for dried yeast, but is very variable for 
maceration extract and yeast juice, the product in extreme cases consisting 
almost entirely of either the diphosphate or monophosphate. 

4. The most constant ratio which we have observed is that of extra COg 
to total P esterified, which only varies about ± 10 %, although the proportions 
of diphosphate and monophosphate may vary from 96 % of diphosphate to 
8() % of monophosphate. 

5. The equation of Harden and Young cannot be applied to those cases 
in which a large proportion of hexosernonophosphate is produced, whilst the 
ratio COg/total P esterified remains at about 0*9. 
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The phosjjhatase obtained from the bones of growing animals has proved 
very useful in the study of the chemical composition of phosphoric esters of 
biochemical interest. By its aid the phosphoric acid groups may be quanti¬ 
tatively removed under conditions of pjj and temperature which do not 
involve the rupture of other linkages in the molecule such as would occur 
during acid hydrolysis. 

For such puiqioses, as well as for the study of the mode of action of the 
enzyme, it is desirable to have stable preparations of the phosphatase, of 
high activity and as free as possible from blood pigments and such other 
impurities as would be difficult to remove from the hydrolysis products. 
The following is a brief account of experiments carried out wath this object 
in view, and of the methods at present employed. 

Extract ion of phosphatase. 

The bones of young growdng rabbits are removed immediately after death, 
freed from muscle and connective tissue, and split longitudinally. The marrow 
is removed and the bones with their epiphyses an^ cut into smaller pieces 
and placed in a flask with five times their weight of water, to which a few 
drops of chloroform have been added. The closed flask is kept at room tem¬ 
perature for 7“40 days, shaken each day, and fresh chloroform added if 
necessary. The extract is then filtered through coarse filter paper. A second 
extract, much less active, may be obtained by soaking the bones in a fresh 
quantity of water. The progress of the extraction at 0'^, room temperature, 
and 38° is shown in Table I. A represents the amount of hydrolysis reckoned 
as mg. P efiected in 1 cc. 0-2 M sodium glycerophosphate by 1 c(*. of the 
filtered extract in 1 hour at 38° at pjj 8d}. AjW is the abova^ value divided 
by the weight in mg. of solid matter in 1 cc, of the extract. 


Table I. 

Tempt^rature of extraction 

0® Room teiuperature 3S® 


Duration of r 

— 

A 

_ 

AjW ' 

^ - 

—^---.. 

extraction 

A 

AjW 

A 

A 

.4/ir 

18 hours 

018 

0033 

0 35 

0-075 ^ 

0-43 

0-074 

7 (lays 

0-37 

0056 

0*57 

0‘073 

0-34 

0 044 

9 „ 

0-45 

0060 

0 61 

0077 

— 

— 

14 „ 

0'41 

0051 

0*62 

0 063 

— 

— 

Second extraction: 

6 days 

014 

0*080 

017 

0-070 

S' 

003 

0012 
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The results show that, while extraction proceeds most rapidly at 38°, some 
inactivation of enzyme occurs. Other comparative tests have shown that the 
final yield of enzyme is not greatly increased by preliminary maceration of 
the bones or by a series of short successive extractions. More highly active 
extracts are, however, obtained if the rabbits are fed for a month before 
death on a rickets-producing diet (McCollum’s 3143) (see Table III). 

Evaporation of the filtered extracts in evacuated desi(‘cators over sulphuric 
acid yields 5-8 mg. of dry solid per cc., no loss of activity occurring during 
this process. After 7 months’ storage in a dry atmosphere such residues w^ere 
found to retain 60 % of the original activity of the extract. 

Purijimtion, 

A very useful degree of purification may be obtained by precipitating the 
filtered extract with a mixtui'e of alcohol and ether (200 alcohol and 300 cc. 
ether for each 100 cc. extract). After shaking for a few minutes a flocculent 
precipitate forms, and is filtered through a Biichner funnel, washed with 
ahsolute alcohol and dried in an evacuated desiccator. 11 the operation is 
conducted expeditiously, an almost colourless powder is obtained, weighing 
3-4 mg. per cc. extract. This preparation possesses the fidl original activity, 
which it retains for many weeks when stored in a desi(‘cator. It. disperses 
fairly well in water, and its freedom irorn alcoliobsolnble matt(‘r r(m(iers it 
a suitable form of the bone ])hospha,tase for general use. 

A further degree of purification can be effected, at the ex|>ense oi some 
loss of total activity, by extracting the above preparaticui with 50 alcohol. 
The greater part of the enzyme passes into solution, and may be repreci])!- 
tated by a further addition of alcohol and ether. The produ(‘t is now Ireidy 
soluble in water and shoves a greatly increased activity in relation to its 
weight {A/W). 

* 

Other methods of purification. 

Removal of a p) olein by precipitation at its isoelectric point. On bringing 
the of the aqueous extract to 5-8 a protein is precipitated, while most of 
the enzyme remains in solution. The latter should be brought back to the 
neutral point as quickly as possible after filtration. This method of purification 
cannoE however, be recommended owing to the risk of inactivation of the 
enzyme, should the necessary hydrogen ion concentration be momentarily 
exceeded. 

DiMysis and ultra filtration. Dialysis experiments were carried out with 
the object of removing the traces of inorganic phosphate which are always 
present in the aqueous extract, and also to investigate the possible presence 
of a co-enzyme. It was found that a collodion membrane, immersed for 
24 hours in 95 % alcohol, was impermeable to the enzyme, which could in 
this way be separated from phosphates and other salts. The method of ultra- 
filtration in a Bechhold filter through discs of collodion of similar porosit^y 
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proved a more satisfactory procedure, the filtrate being entirely inactive and 
containing the whole of the phosphate. The residue on the filter may be taken 
up in water and precipitated with alcohol and ether as described above. The 
complete freedom from inorganic phosphate, while usually of no great im¬ 
portance, was of value in certain experiments in which it was desired to 
eliminate the inhibitory effect of phosphate on the activity of the enzyme. 

No evidence of the presence of a co-enzyme was obtained by dialysis or 
ultrafiltration. A measured volume of the aqueous extract was filtered 
through a collodion membrane in a Bechhold filter, the residue was washed 
with an equal volume of water and finally dispersed in the same volume, so 
that 1 cc. of the residue and 2 cc. of the dialysate corresponded with 1 cc. 
of the original extract (Table II). 

Table H. 


Inorganic P 

(mg. Ill 1 cc.) Act)r>1)/ 

1 CO. residue 0 0 0-107 

2 CO. dialysate 0‘0o2 0-0 

1 cc. msiduo ^ 2 oc. dialysate 0-0.54 O-O^K) 

1 cc. residue 4-10 cc dialysate 0-253 0-077 


Th(‘ activity of the residue is actually diminished by the addition of 
dialysate. this being due to the inhibitory eftVet of the inorganic phos])hate 
thereby introduced. If a co-enzyme exists it must therefore have been still 
present in exc(\ss in the washed residue. 

specific adsorption. Attempts have been made to purify the enzyme by 
specific adsorption, using kaolin, calcium jihosphate and aluminium hydroxide 
(type B) prepared by the method of Willstiitter and Kraut [192.3J. Up to the 
present the results have been unsatisfactory. Where adsorption has ap|.)eared 
to take place, as judged from the loss of activity of the solution, attempts to 
recover the enzyme by elution have proved unsuccessful. 

Table Ill. 


Description of preparation .4 AjW 

1. 20 % aqueous extract of bones of young normal rabbits ... ... 0-01 0-077 

2. ,, ,, ,, rachitic rabbits ... ... 1-1.5 0-120 

3. Alcohol-ether pi'ccipitate of (2) ... ... ... ... ... — 0180 

4. (3), extracted with 50 % alcohol, reprecipitated with alcohol-other — 0-570 

5. Residue from ultra-filtration of aqueous extract taken up in water 

and precipitated with aloohol-ether . - 0-240 


Table III gives the values A and A/fV for various enzyme extracts and 
preparations purified by the above methods. 

It is interesting to calculate from these values of A the amount of inorganics 
phosphate which could be produced in 24 hours by the phosphatase in 1 g. 
of bone, assuming that this phosphate is immediately precipitated and the 
rate of hydrolysis co4isequently maintained. These amounts in terms of 
calcium phosphate Ca 3 (P 04 ) 2 , are, at pj^ 8'6, 0*37 g. and 0-66 g. per g. of 
normal and rachitic bone respectively, while at the of the blood the values 
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would be about 0-08 g. and 0-15 g. These figures have, of course, only limited 
significance, since the conditions of the test (degree of extraction of enzyme, 
concentration of phosphoric ester, etc.) are not those which obtain in living 
cartilage, but they show by their magnitude that the activity of this enzyme 
is quite adequate for the role which we have ascribed to it in the process 
of ossification. 

Use of the enzijme as a biochemical reagent. 

The following methods have been found satisfactory for the removal of 
phosphoric acid groups from such esters as can be hydrolysed by this enzyme. 

{a) 1 g. of the barium salt of the phosphoric ester is placed in a small 
flask with 15 cc. water and 50-100 mg. of the enzyme preparation. The flask 
is kept at 40^^; the pn is adjusted to 8-6-8*8 and maintained approximately 
within that range by the addition at frequent intervals of a cold saturated 
solution of bar 3 d:.a from a burette. The use of a higher than 9*0 invites 
the risk of rapid inactivation of the enzyme. Measurements of are made 
on minute amounts {0-01 cc.) by means of a capillator. 

The baryta required gives a rough indication of the amount of hydrolysis, 
but usually falls short of the equivalent of the phosphate set free. This is 
probably due to the precipitation of the phosphate as a mixture of Ba 3 (P 04)2 
and BaHP() 4 . By this precipitation the inhibitory effect on the enzyme of 
an increasing concentration of inorganic phosphate [Martland and Robison, 
19271 is avoided, but the rate of hydrolysis nevertheless falls, and from other 
experiments it is evident that the enzyme is partially adsorbed on to the 
precipitated phosphate. For this reason the addition of a further quantity 
of the enzyme preparation may be necessary in order to complete the reaction 
in reasonable time (4~8 hours). 

Should the barium salt of the ester be sparingly soluble in water, the 
method is vStill applicable, but the flask must be frequently shaken to keep 
the solution saturated. When the hydrolysis approaches 100 % the enzyme, 
together with any barium salt left in solution, is precipitated by the addition 
of alcohol, and the filtered solution evaporated to dryness in an evacuated 
desiccator. The residue may be purified by extraction with water, evaporation 
of the filtered solution and re-extraction with alcohol. The product should 
now contain not more than a few mg, of material derived from the enzyme, 
this being without appreciable optical rotation or reducing power, as shown 
by control experiments omitting the substrate. 

Should the dephosphated product be insoluble in alcohol, a different 
method must be employed to separate it from the enzyme material. After 
completion of the hydrolysis the protein may be coagulated by boiling, and 
the aqueous filtrate evaporated or poured into alcohol according to the 
properties of the dissolved substance. 

(6) The chief disadvantage of method (a) lies in the alkaline reaction, 
which is undesirable when dealing with reducing sugars. It has been found 
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possible to carry out the hydrolysis at a as low as 7*0 although, owing to 
the greatly reduced activity of the enzyme, several days may be required for 
the completion of the reaction. The soluble sodium salts are used and, as 
the liberated phosphate is not precipitated, no further addition of alkali is 
ne(*essary. The isolation of the product is carried out in the same manner as 
described under (a), although the precipitation of sodium ])hosphate by alcohol 
is not so complete as that of the barium salt. 

Method (u) as ap])lied to esters of non-reducing sugars or sugar derivatives 
has given excellent results. Thus a- and ^-methyl-y-fructosides have been 
obtained from the corresponding derivatives of hexosediphosphoric acid 
[Morgan and Robison, 1928], pure crystalline trehalose has been isolated from 
trehalosemonophosphoric ester, which is a product of the fermentation of 
hexoses by dried yeast [Robison and Morgan, 1928], and gluconic acid has 
been obtained from the oxidation product of hexosemonophosphoric acid 
(Robison and King. 1929]. In all these cases a very good yield of the hydrolysis 
product was obtained without difficulty. 

W hen ap])lied to the reducing hexose])hosphorie esters, both methods 
gave residts less easy ol interpretation, some of which are discussed below. 

H(jdrohjsis of hcjro.scdiphosphoric ester. 

The specific rotations of a number of the sugar products obtained by the 
action of the bone phosphatase on the barium and sodium salts of hexose- 
diphosphonc a(*id are set forth in Table IV. The amount of ester used for 
each experiment was equivalent to 50—100 mg. R, the degree of hydrolysis 
varying from 08 to 95 % . The rotations are calculated on the amounts of sugar 
in the syrups, dri(‘d over sulphuric acid, as determined by the Hagedorn- 
Jimsen nudhod. 

Table IV, 


kSalf used 

Pu 

l>iirati(iu of 
hydr^dysiri 

[aj54Gl 

product 

Ba 

88 

4 Iiours 

-82'" 

Ha 

88 



Na 

88 

24 „ 

- 48^" 

Na 

88 

24 „ 

- 

Na 

7-7 

5 days 

- 64 " 

Na 

7-4 

4 

-64'" 

Na 

7-0 

5 ,, 

- 76^ 


Hexosediphosphoric acid is believed to be a derivative of y-fructose, 
which on removal of the phosphoric acid groups should change into the 
ordinary a/3-fructose. Young [1909] found, however, that the solution ob¬ 
tained by acid hydrolysis was less laevorotatory than a solution of pure 
fructose of the same reducing power. The product obtained by the action of 
the bone phosphatase has, likewise, a laevorotation much lower than that 
of fructose (^ 540 ^ — IIF), and the values obtained vary within rather wide 
limits. For the products of hydrolysis at p^ 8-6 this could be explained by 
assuming that the Lobry de Bniyn transformation had taken place during 
Bioeb. 1929 xxm 
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the course of the reaction. It is surprising, however, that the product obtained 
by hydrolysis at pjj 7-0 should also have a similar low specific rotation. The 
possibility arises that the synthesis and hydrolysis of phosphoric esters, which 
must be considered as occurring simultaneously during the whole course of 
the experiment (even though the final equilibrium represents almost complete 
hydrolysis) are causatively involved in the intramolecular transformation of 
the hexoses. Neuberg and Leibowitz [1928] have found that the partial 
hydrolysis of fructose diphosphate by various phosphatases may give rise to 
either of the two hexosemonophosphates, which are probably derivatives of 
glucose and fructose respectively. The theoretical suggestion put forward by 
Robinson [1927], namely, that the hydrolysis of a phosphoric ester might be 
accompanied by a Walden inversion, is of interest in this connection, although 
the transformation of fructose to glucose cannot be simply explained in this 
way. It is hoped that more evidence will be obtained on this problem from 
experiments now in progress. 


Summary. 

Methods for the extraction and purification of the bone phosphatase and 
its use as a biochemical reagent are described. 

The application of this method to the hydrolysis of hexosediphosphoric 
acid and the properties of the hexose so obtained are discussed. 


REFERENCES. 

Martland and Robison (1927). Biocham J. 21, <ib5. 

Morgan and Robison (1928). Biochern, J. 22, 1270. 

Neuberg and Leibowitz (1928), Biochern. Z. 193, 237. 
Robinson (1927). NalurCy 120, 44. 

- and King (1929). Chemistry and Industry^ 48, 143. 

-and Morgan (1928). Biochern. J. 22, 1277. 

WiUstatter and Kraut (1923). Ber. dentsch. chem. Oes. 56, 149. 
Young (1909). Proc. Roy. Soc. Loud. 81, 528. 


Vol. 23, p. 242: for -and King (1929) 

read Robison and King (1929) 



XXXIII. INSULIN AND GLUCONEOGENESIS. 
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{Received March 12tJi. 1929.) 

The principal theories of the action of insulin may be shortly classified as 
follows. 

(1) The theory of increased oxidation of carbohydrate which states that 
insulin brings about its typical effects by stimulating the peripheral tissues 
to a more rapid and greater catabolism of carbohydrate. The evidence adduced 
in favour of this is drawn from observations on diabetic subjects and par¬ 
ticularly from the changes in the respiratory metabolism. All such experi¬ 
ments have de})ended on the interpretation put upon the respiratory findings. 
This theory demands that in the normal organism the effect of insulin be 
ac(*onipaint'd by a depletion of both liver- and muscle-glycogen, for as the 
peri])h<'ral t arbohydrate is oxidised it is conceived that the liver delivers up 
its glycogen until, when both sources are exhausted, convulsions supervene 
and eventually the animal dies of carbohydrate deprivation. 

(2) The set'ond view is that in addition to increased oxidation there occui’s 
also a polymerisation of carbohydrate to glycogen or to substances as yet 
unidentified. 

In the eviscerated spinal cat, where the whole metabolism takes place in 
muscle, a very satisfactory balance has been struck between the sugar dis¬ 
appearing from the perfusion fluid on the one hand and the glycogen forma¬ 
tion and oxygen utilisation on the other [Best ct al., 1926]. Cori and Cori 
[1928J have also been able to recover about 90 % of the sugar to be accounted 
for in standard rats. These authors also found that in glucose-fed rats the 
action of insulin was to bring about a fall in liver-glycogen and an almost 
equal rise in muscle-glycogen. Barbour et al. [1927] corroborate this finding. 
Cori and Cori state that under the action of insulin the peripheral need for 
sugar is so great that there is none available for the formation of glycogen 
in the liver. 

(3) The third view is that originally propounded by Laufberger [1924] 
and more recently supported by Best et al. [1926] and Bissinger and Lesser 
[1926] as a partial explanation of the action of insulin. It states that the 
essential action of insulin is to inhibit the formation of glycogen from fat 
and protein. Laufberger strongly opposed the oxidation theory as a result 
of respiratory experiments on various types of animals. He also, by deter¬ 
mining the non-sugar carbon (Restkohlenstoff) in blood, showed that the 
existence of a new carbohydrate complex in the blood of insulinised animals, 
as suggested by Macleod, was very improbable and Macleod himself has 
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recently admitted that the conception is unnecessary. In common with other 
workers Laufberger found that insulin caused the dLsa})pearance of glycogen 
from the liver of the normal animal, and he conceived that death from excess 
oi insulin occurred as a result of (1) exhaustion of existing glycogen ni the 
liver and tissues and (2) inhibition of replenishment from non-carbohydrate 
sources. The whole of this theory stands or falls, as Laufberger himself says, 
on the truth of the observation that insulin brings about an exhaustion of 
liver- and muscle-glycogen. He emphatically states that in no tyjie of animal 
has he ever failed to find this glycogen-depleting action of insulin, whether 
convulsions did or did not occur. 

(4) The fourth theory is that insulin produces a change in the nature of 
sugar so that a more readily utilisable form is produced. Various substances 
have been suggested but the evidence is very riKuigre. 

It seemed to us that tlu' fundamental matter to decide unequivocally 
was whether insulin did in fact diminish the liver- and muscle-glycogen in 
the normal animal. The diversity of the results in the literature made it 
probable that some underlying factor was preventing a uniformity in th(' 
findings of different workers, for there seemed no jiossibility ot ex}>laining 
the differem^es merely on criticisms of technique. The question arose as to 
whether it might not be explained by the variability in develojiment in 
different species of animal. There can be no doubt that in different speiues 
the activity of such glands as the adrenal, pituitary, tliyroid and s(*x glands 
is a variable factor and that this applies also to different stag(‘s in tht‘ de¬ 
velopment of the same animal. It was decided to see if uniform r(‘sults could 
be obtained in very young animals. Young rabbits were used and eomparisons 
made between members of the same litter. The firuiings with these animals 
have already been published [Goldblatt, 1929]. It was found that in every 
case after a dose of insulin (0*2-0*5 unit) sufficient to bring about convulsions 
in the young rabbit starved for 24 hours previously, there occurred a very 
large rise in liver-glycogen. Further, this increase was associated in all the 
cases with a blood-KSUgar of vanishing proportions and a muscle-glycogen not 
significantly affected, ft was observed iLat the greatest rises in liver-glycogen 
occurred when the animals were allowed to proceed right to th(‘ onset of 
convulsions. In fact it was thought that with a given dose of insulin the 
concentration of glycogen might be a roughly linear function of the time of 
action. 

Frank et af. [1927], using adult rabbits, state that if the animals be starved 
for 4 to 6 days their liver-glycogen does not exceed 0*2 % and they are 
therefore suitable for controls in comparative work with insulin. The muscle- 
glycogen, they state, shows no uniformity. Using 6 such animals (liver- 
glycogen varying from 0*05 to 0297 %) they found that in a series of similarly 
starr ed animals treated with insulin in doses of 0*1 clinical unit, the liver- 
glycogen rose to 3*8 % (variations from 0*6 to 3*8 %) even when the blood- 
sugar fell relatively little. These authors do not state the weight or age of 
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their animals. In some experiments whieh we carried out on adult animals 
of 4 kg. weight the liver-glycogen after 4 days’ starvation was in several cases 
between 2 and 3 %. In two such animals used for com])arative work with 
insulin the control after 4 days’ starvation had a liver-glycogen of 2*1 % and 
the other animal after injection of 0-5 clinical unit on two ocaaisions gave a 
value of 2-73 %, the blood-sugar having fallen from 0-113 to 0-062 %, the 
total time of experiment being 3 hours 11 minutes. The difference between 
these results and those of Frank et al, may be due to the age and activity of 
the rabbits used, young animals losing their glycogen much more quickly on 
starvation than old ones. The conclusion drawn by Frank et al. from their 
(experiments was that the theory of Laufberger, later supported by Dale and 
by Bissinger and Lesser, that the action of insulin was essentially to inhibit 
gluconeogenesis, is no longer tenable, Frank considering that the extra liver- 
glycogen is derived from body-protein. As there is no analysis of nitrogen 
excretion given this cannot yet be said to be proven. 

There can, however, be no doubt that both in Frank’s experiments and 
our own. using starved animals, a new formation of glycogen was taking 
place und(‘r the influence of insulin, and that this new glycogen was not 
deriv(‘d from muscle-glycogen, since it has been abundantly shown that the 
latter cannot contribute to circulating carbohydrate []U>llman, Mann and 
Magath. 1925; IVlarkowitz. 1925; Soskin, 1927j. 

Further consideration of the facts seems to complicate the problem. How 
is the fact that insulin brings about a large increase in the liver-glycogen of 
the fasting rabbit to be reconciled with the further fact that animals to which 
sugar is administered and into which insulin is injected in large doses show a 
progressively diminishing glycogen content in the liver^ This latter fact is 
em})hasised by Barbour et al. [1927], who say: “There can be no doubt that 
very large doses of insulin given to animals which are absorbing glucose from 
the alimentary canal cause more glycogen to be deposited in the muscles 
accom])anied by an approximately corres])onding decrease in the amount 
deposited in the liver.” 

This statement was made as a result of work done with standard rats, 
but we show below that it is also true for the young rabbit. Frank, attempting 
to explain this apparent anomaly, considers that, since, in order to produce 
convulsions in the fed animal, it is necessary to use large and unphysiological 
doses of insulin, there occurs a large utilisation of sugar peripherally so that 
the liver tends to replenish the muscle-glycogen by delivering up its own 
glycogen. Thus there occurs a fall in he])atic glycogen. We cannot, however, 
accept this view because it would necessitate in all cases the association of 
largely depleted liver- and muscle-glycogen with the onset of convulsions, 
which is not a fact [Goldblatt, 1929J. 

If we consider that in our young rabbits, given a dose of insulin sufficient 
to reduce the blood-sugar to almost zero and bring about the convulsive 
syndromCj there occurs a large accumulation of glycogen in the liver which' 
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if liberated as glucose could preserve the animars life for a considerable period, 
and, fiu4;her, that if to such animals glucose be administered per os or paren- 
terally recovery occurs, then it seems clear that, although there is a definite 
inhibition of glycogen release, free sugar is in quite a different position and 
can up to a point pass freely through the liver. This matter will be returned 
to later in this paper. 


Experimental. 

Having shown in a previous communication [Goldblatt, 1929] that the 
injection of insulin into young rabbits is followed invariably by a very large 
accumulation of glycogen in the liver, it was important to see if this occurred 
also in other species. For this purpose we first of all chose the rat. The very 
large amount of work done by Barbour et al, [1927] and by Cori and Cori 
[1928] on the metabolism of the rat made it improbable that our results 
would be likely to add to our knowledge of the action of insulin. These in¬ 
vestigators have in the main obtained similar results, that insulin depletes 
the liver-glycogen in the starving rat and inhibits glycogen formation in the 
fed rat. Cori’s view as a result of his work is that insulin produces so great 
an increase in peripheral oxidation that the liver is forced to give up its 
glycogen or does not form glycogen at all. 

These results are so out of harmony with those we obtained with young 
rabbits that it is felt that there is some fundamental difference between the 
metabolism of these animals. In order to satisfy ourselves that the large 
increase in liver-glycogen could not in fact be reproduced in rats, the following 
experiments were carried out. The methods of analysis \cere the same as 
those detailed in our previous work. 

Experiments 1 and 2 show that with doses of insulin varying from 
0*2 unit to 4 units significant increases in glycogen could not be demonstrated 
in the liver of the rat starved for 24 hours. It is further clear that rats vary 
enormously in their susceptibility to insulin. Thus animal 3 in Experiment 2 
developed convulsions after 0-75 unit in 1 hr. 7 mins., whilst animal 4 showed 
no symptoms 2 hrs. 30 mins, after 1*25 units. It is also to be remembered 
that the metabolism of the rat is very rapid and that during starvation they 
lose weight very rapidly due to the acceleration of the processes of gluconeo- 
genesis which are necessary to replace the glycogen which they exhaust very 
quickly. These animals must therefore possess mechanisms, probably regu¬ 
lated by their endocrine system, by means of which they can rapidly mobilise 
carbohydrate for the needs of their muscular system. This state of affairs is 
in marked contrast to that found in the rabbit, which has a relatively much 
lower heat production. Having regard to these considerations it was to be 
expected that, if insulin produced a very much increased peripheral utilisation 
of sugar and at the same time inhibited gluconeogenesis, the rat would be a 
particularly suitable animal for demonstrating a rapid depletion of liver- and 
* even muscle-glycogen. 
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Exp. 1. Four albino rats were starved for 24 hours. They were then treated as detailed below 
and determinations made of blood-sugar and liver-glyoogen. The injections of insulin were made 


subcutaneously. 

Liver'glycogen 


No. 

Wt. 

g- 

Blood- 
sugar 
g. per 
100 cc. 

K- % 

mg. 

jier 100 g. 
body-wt. 
mg. 

Remarks 

1 

169 

0072 

0-85 

38 

22-5 

Control—no treatment 

2 

129 

0-069 

0-69 

2() 

20-2 

0-2 unit^—killed 2 hrs. 40 mins, later 

3 

149 

0081 

0-65 

28 

18-8 

0-4 unit—killed 2 hrs. 54 mins, later 

4 

106 

0-051 

1-00 

29 

27-3 

0*6 unit—killed 3 hrs. later 


Exp. 2. Six albino rats were starved for 24 liours and thim treated as below. 
Liver-glycogen 

Blood - --'--^ 




sugar * 



per loo g. 




Wt. 

g. per 



body-wt. 



No. 

g. 

100 cc. 

g- % 

mg. 

mg. 


Remarks 

1 

184 

0-100 

0-59 

34 

18-5 

Control 


2 

119 

0-018 

0-67 

27 

22-7 

2.13 p.m. 

0-5 unit 







3.10 „ 

Killed 

3 

110 

— 

0-82 

28 

25-6 

2.18 „ 

0-75 unit 







.3.25 „ 

Convulsions 







3.30 „ 

Killed 

4 

138 

0033 

0-95 

33 

23-9 

2.24 „ 

1-25 units 







5.0 „ 

Killed 

6 

188 

— 

Ml 

52 

27-7 

2.30 „ 

1-5 units 







,5.51 „ 

2-0 units 







7.12 „ 

KUled 







Hvpoglve 

aomic during 40 mins. 

6 

199 

0-020 

0-74 

45 

22-6. 

2.35 

2 units 







5.12 „ 

2 units 







5.35 „ 

Convulsions and killed 


Dale and his co-workers have indeed drawn attention to this point. But 
our results cannot be brought into line with any theory which attributes an 
inhibition of glucoiieogenesis to insulin, for whatever may have occurred in 
the peripheral tissues there certainly did not occur any exhaustion of liver- 
glycogen, which leaves no doubt in our mind that formation of carbohydrate 
from non-carbohydrate sources was proceeding quite adequately in spite of 
the active effect of the insulin. 


Exp. 3. Four young rats were taken without previous starvation. One was kept as a control 
and tho other three received subcutaneous injections of 1, 2, 3 units (clinical) of insulin. The 
latter animals were allowed to die in convulsions. The control was killed after tho others had 
died. No food was allowed during the experiment. 

Carcase signifies what remained after decapitation and removal of the abdominal viscera. 

Blood' Iriver- Carcase- Total 

sugar glycogen glycogen glycogen 



Wt. 

g- 


--^ 

J_. 

- 

per 100 g. 


No. 

g- 

100 cc. 

g- % 

mg. 

g- % 

mg. 

body-wt. 

Remarks 

1 

57 

0-030 

0-35 

8 

0-21 

47 

96 

3 units—convulsions 29 mins, 
after injection, lasted 37 mins., 
when animal died 

2 

53 

“0” 

0-53 

11 

0-12 

33 

83 

2 units—convulsions 22 mins, 
after injection, lasted 50mins., 
when animal died 

3 

49 

“0” 

0-42 

10 

0-21 

46 

114 

1 unit—convulsions 24 mins, 
after injection, lasted 52 mins., 
when animal died 

4 

61 

0-113 

0-49 

11 

0-24 

64 

123 

Control—^killed after the others 
had died 
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The firrft Doteworfhy point in Exp. 3 is the exceedingly low values for 
glycogen in these small animals, even unstarved, which gives some idea of 
the necessity for frecpient feeding in order to spare the tissues. The enormous 
doses of insulin used and the very severe conv\ilsions which supervened were 
clearly not able to bring about an exhaustion of either liver- or carcase- 
glycogen. Detinit(dy less glycogen w^as found in the insulinised animals than 
in the control, but this did not apply to any extent in the liver. 

Exp. 4. Four albino rats were starvod for 24 hours and wore then ^iven a mixture of 3 g. 
flour and 5 g. gliieoae worked up into a soft mass with a little water. They all ate the mass 
readdy and after 3 lira. Iiad f‘onsum(‘d almost all of it. Injection ot insulin took place immediately 
on presenting the food mixtun^. ^ 

Liver-glycogen 


per 100 g. 

Wt. body-wt. 


No. 

g- 

ft 0/ 
h • /O 

mg. 

g. 

Remarks 

1 

132 

4-03 

182 

1-.38 

Control -killed 4 lirs. after presenting fond 

2 

103 

2-8(> 

142 

0-87 

0-2 unit iTisnlm—killed 4 hrs. after pre¬ 
senting food 

3 

102 

4-27 

177 

MO 

0-4 unit insulin—killed 4 hrs. 10 mins, after 
presenting food 

4 

138 

44)5 

187 

1-30 

0‘0 unit insulin—killer! 4 hrs. 30 mins, after 


presenting food 


Unfortunately in this experiment the blood-sugar values could not be 
determined. The figures are. however, of some interest in vif‘w of the findings 
of Barbour et al. that up to 3 hours after the injection of moderate doses of 
insulin in fed rats there occurs a retardation of glycogen de])osition in the 
liver. Of course, no more can be concluded from this experiment than that it 
is at least possible to have rats wdiich. when fed with plenty of carbohydrate 
and treated with doses of insulin varying from 1 to 5 units per kg., can lay 
down quantities of glycogen of the same order. Although this to some extent 
opposes the findings of Barbour ef aL [1927] and of Oori and Cori [1928] we 
do not d<my the principle involved in their findings, for similar results to 
theirs could be obtained using young rabbits, as shown in the next experiment. 

Exp. 5. Six young rabbits from the same litter, 7 weeks old, were starved for 24 hours before 


the exjieiimeni. 20 ( 

’C. of 50 

glucose solution were 

given by mouth by means of a tube and 

syringe. Insulin was inieeted immediately afterwards and the animals wert' killed 3 lirs. later. 

Blood- Liver-glyeogen 

HULmr ,- - 

Wt. 

g. per 

Total 


No. g. 

100 e(‘. 

g- % g* 

Remarks 

1 007 

0 154 

0-55 0-10 

Control-—no treatment 

2 774 

0 224 

500 1-54 

10 g. glucose p('r 

.3 714 

0-107 

3 82 0-84 

.. -2 units insulin 

4 700 

0-159 

3 50 0-82 

. -4 

5 737 

0 090 

2-20 0-59 

. -0 

0 725 

0-058 

2-15 0*51 


None of the . 

animals in this experiment 

showed any symptoms. The pro- 

gres>sively lower glycogen 

in the liver witb 

1 increasing doses of insulin was 


very striking, particularly when one considers that it is ])08Bible to obtain 
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values of ]iver-g]y(30gen up to 4 % in insulinised animals given no food at all 
(see below). 

Examination of the intestinal contents of all the animals which had been 
given gliicos(‘ showed that there were still large quantities of reducing sugar 
available. In spite of this the animals were apjuoaching hypoglycaemia 
which, as is well known, could have been averted by giving rnon^ sugar. This 
puzzling circumstance recalls tin' fact that after th(‘ administration of sugar 
to the normal animal the temporary rise in blood-sugar is followed by a marked 
fall, even to hypoglycaemic levels, at a time when then' are still large quantities 
in the gut and the respiratory metabolism has returned to normal levels. 
This phenomenon is usually explained as being the result of a stimulus to 
storage in the liver arising from the raised blood-sugar and the degree of 
saturation of the muscles with carbohydrate. This conception clearly cannot 
be a])plied to such an exf)eriment as No. 5. 

If absorption from the gut is at the same rate in every case then there 
seems to be no alternative but to regard the lower liver-glycogens as due to 
the excessive utilisation in the muscles brought about by the very large doses 
of insulin. But we feel that this question of absorption is precisely the diffi¬ 
culty. This matter is being investigated and no final decision can as yet be 
given. 

The question of controlled absorption arises again if we (‘onsider the changes 
in blood-sugar after successive doses of glucose. The following experiment 
illustrates this. 

Exp. (). The blood-sugar changes in normal men following 4 successive doses of 50 g. glgcose 
each. The first was given 5 lirs. after the morning meal. 


Subject 1: 


Blood-HU gar 



Time 

g. per 100 cc. 

llemarkH 


12.tK) 

0 102 

12.05 )).m. 50 g. glucoHc 


12.30 

0 150 


1.00 

0*125 

1.00 „ 


1.30 

0135 



2.00 

0 125 

2-00 „ 


2..30 

0100 



3.00 

0 125 

3.00 „ 


4.00 

0117 


Subject 2: 

11.40 

0 113 

11.45 a.m. 50 g. glucose 


12.15 

0*122 


12.45 

0*122 



1.15 

0104 

1.30 p.m. ,, 


2.00 

0*122 


2.30 

0 125 

2.50 „ 


3.05 

0 113 



3.20 

0 129 



3.35 

0*100 

3.50 „ 


4.15 

0*117 



The first point of interest in these figures is that one cannot for(*e up the 
blood-sugar of the normal subject by successive doses of sugar; all that is 
possible is to prevent the fall to the rather low levels which commonly follow 
the administration of a single dose. Examination of these tables will show 
that at three points the administration of the sugar was followed in the first 
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half-hour by a fall in blood-sugar, to be succeeded by a return to the original 
or a rather lower level. Such a fall has never been observed by us following 
a single dose of sugar. It appears, therefore, that there exists a very delicate 
raechanism by means of which the processes of absorption and discharge of 
sugar from the liver are regulated to the needs of the peripheral tissues. Thus, 
in starvation, when the immediate needs of the tissues are being supplied by 
gluconeogeucsis, the administration of sugar is followed by blood-sugar values 
far in excess of the normal which are sustained at high levels for a very 
prolonged time. The respiratory metabolism in such cases shows much less 
rise in r.q. and what rise does occur takes place during the fall in blood-sugar. 
The same delay in the rise of r.q. also occurs in the ordinary post-absorptive 
state. Accepting the usual interpretation of the r.q. this would mean that 
there is a lag in the oxidative mechanism after the presentation of the sugar 
to the tissues, which would suggest that a certain concentration of carbo¬ 
hydrate must be reached in the tissues before the process of oxidation As 
commenced or the process of gluconeogenesis is diminished. 

Now the height of the blood-sugar at any time is proportional to the ratio 

organism seems at all times to 
tend to readjust this ratio to an equilibrium value w'hich keeps the blood- 
sugar in the region of 0-100 g. per 100 cc. Permanent disturbance in either 
or both the terms of this ratio must result in a pathological condition. 

The possible number of variations of this ratio is nine, according as we 
have unchanged, increased and diminished activity of the two factors. Every 
case of ortho*-, hypi^-, and hypo-glycaemia must be covered by these varia¬ 
tions. 

Now after the administration in the post-absorptive state of a dose of 
glucose per os there is at first a rapid delivery of sugar to the muscles and a 
temporarily almost exclusively carbohydrate oxidation. There then seems to 
occur a fall in sugar oxidation and then the blood-sugar falls. There must 
hence be a fall in both terms of the above ratio until, when the mass of 
available carbohydrate reaches a certain level, gluconeogenesis is brought 
into play in order to keep the ratio as near the equilibrium point as 
possible. 

Now, since an animal can go into insulin convulsions with quantities of 
sugar in the gut, it seems unavoidable to consider that the concentration of 
the intestinal sugar has fallen to a level at which the rate of absorption is 
inadequate to combat the hypoglycaemic action of the insulin, although the 
absolute amount may be quite sufficient. The effect of dilution can easily be 
shown hy taking 50 g. glucose dissolved in a very large volume of water, 
say a litre, when the rise in blood-sugar will be found to be very slight 
indeed. 

But the fact, as seen in Exp. 6, that progressively increasing large doses 
of insulin acting for the same time are associated with progressively less 
formation of glycogen from free sugar, indicates that the passage of sugar 
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through the liver is so rapid that a large quantity of glucose has passed 
through the liver before the dilution effect comes into play. This is not the 
same as saying that the animal can deplete its liver-glycogen when under 
the influence of insulin, which is the opinion of Frank and others. For, as 
we have seen in young animals, and Chaikoff [1925] found in adults, death 
from insulin convulsions may occur in the presence of high liver-glycogen 
values. What is suggested is that free sugar can, under the necessities brought 
about by large doses of insulin, pass rapidly through the liver, the amount 
remaining available for formation of glycogen being correspondingly less. But 
such glycogen as is formed, we conceive, is fixed so that it is not available 
for the relief of the severe condition which later arises. 

In the next experiment further evidence was sought for the view that 
insulin inhibits glycogen release. 

Exp. 7. The writer was the subject of experiniont. In order to establish a state in which 
the procc.ss of gluconeogenesis was actively proceeding, a preliminary starvation of 40 hours 
was undergone. Insulin was then injected subcutaneously and when hypoglycaemia was well 
established glucoso was taken. As evidence of gliiconeogenesis we may take the degree of ketosis, 
for a largo body of evidence exists that the ketonic acids arise as products of this process. These 
substances were estimated by a method described by the writer for small quantities of urine 


Goldblatt, 1925]. 

Urine 

Rothera 

Acetoacetic 

acid 

/3-Eydroxy- 
butyric acid 

Blood-sugar 

Time 

cc. 

reaction 

mg. per hr. 

mg. per hr. 

g. per 100 cc. 

11.00 a.m. 

330 

■f + 

t)-8 

7-4 

— 

11.30 „ 

130 

-t- + 

— 

— 


11.52 „ 

— 

— 

— 

— 

0077 

11.54 „ 

"8<0 


9-3 

4-8 

— 

11.57 „ 

10 units insulin hypodormically 


0*062 

12.00 „ 

— 

— 

— 

— 

— 

12.30 p.m. 

19-0 

+ + 

17-4 

39-6 

0*065 

12.45 „ 

50 g. glucoso 

in 200 CO. 

water taken 


0*054 

12.47 „ 

190 

+ -f 

— 

— 

— 

1.00 „ 

— 

— 

— 

— 

— 

1.15 „ 

100 

-f “f 

IIO 

13G 

0*082 

1.30 „ 

8-5 

4- 4 


— 

— 

1.45 „ 

95 

-f 

0-8 

7-0 

0*109 

2.00 „ 

10-0 

— 

0 

0 

— 

2.15 „ 

150 

.— 

0 

0 

0*122 

2.30 „ 

9-5 

— 



— 

2.45 ,, 

140 

— 

— 

— 

0*122 

3.00 

100 

— 

0 

0 

— 

3.15 „ 

— 


— 

— 

0*069 

3.30 „ 

17‘0 


0 

0 

— 

3.45 „ 

— 

— 

— 


0*045 

4.00 „ 

15-5 

— 

0 

0 

— 

4.15 „ 

— 

— 


— 

0027 


At this stage a strong hypoglycaemic reaction was experienced. Glucose, 
bread and tea were administered and recovery took place in about an hour. 
At 5.30 there was glycosuria and a positive Rothera reaction and at 5.45 the 
blood-sugar was 0*137 g. per lOOcc. In interpreting these findings the following 
points must be noted. 

(a) After this period of starvation there is ample glycogen in the liver 
and tissues but gluconeogenesis is proceeding as indicated by the ketosis. 
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Since tlie latter can be completely abolished by giving glucose or any other 
good glycogen former, we consider that it is the concentration of glycogen 
in the liver vvhi(’h determines the degree oi gluconeogenesis. 

(h) When the excretion of the ketonic acids falls to zero we consider that 
the glycogen in the liver is at an optimum for the normal supply of carbo¬ 
hydrate to the tissues. 

The first point wc note in this experiment is the rapidity of action of the 
insulin, [ire-hypoglycaemia being definitely experienced in 33 rains., when 
the blood-sugar had fallen to 0*054 g. per JOOcc. 50 g. glucose in 200 cc. 
water having been taken, a severe hypoglycaemic* attack oc(‘urred 3| hours 
later. FiXamination of the blood-sugar values shows that although the 
maximum value was only 0*122, the absolute rise above the level attained when 
the sugar was taken was 0-068 g. per 100 cc., which is not significantly different 
from the increase usually obtained after such a dose of sugar without insulin. 
Thus tlie rate of passage of sugar through the liver was up to this point 
adecpiate to counteract the effect of the peripheral utilisation. This maximum 
point was associated with the disappearance of the ketosis and, as we 
believe, with a concentration of glycogen in the liver sufficient to inhibit 
gluconeogenesis. 

The phenomena now become different, for the blood-sugar values fall 
steadily until very low levels are attained (0*027 g. per 100 cc.) and still the 
ketosis remains absent. No urine could be collected between 4.15 and 5.30 ji.m. 
as the subject was jirostrate; but the nitroprusside reaction was distinctly 
positive at the latter time and at 5.45 p.m.. i.c. when the action of the insulin 
had worn off. Examination of the values for the excretion ol at'etoacetic acid 
and /S-hydroxybutyric acid shows that there occurred a large* rise in the 
amounts of these substances after the injection of tlie insulin. Similar results 
have been recorded by (lollip [1923], who observed the production of ketone 
bodies in hypoglycaemic rabbits, and by Burn and Ling [1928], who report 
very large increases in the ketosis of rats adapted to a fatty diet, following 
the injection of insulin. We have not been able to confirm these latter findings 
but the results in the above experiment are suggestive. 

Novy although it is probable from Exp. 5 that there was less glycogen in 
the liver than there would have been had no insulin been injected, there could 
be no doubt that oven when a dangerous hypoglyeaemia had been reached 
ther(' w'as an amount present high enough to prevent gluconeogenesis. This, 
we consid(‘r. corroborates our view that the outstanding effect of insulin in 
the intact animal is to inhibit the release of such glycogen as is already 
present in the liver. 

Id the following experiments a relationship wnxs sought between the 
formation of new liver-glycogen, the dose of insulin and its time of action 
in the starving young rabbit. 
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Exp. 8. In this experiment the time of action was kept constant and the dose varied. Five 
yoim^^ ra])bit8, h weeks old, from th<‘ same litter were starved for 24 hrs. and were killed in all 
cases about 2 hrs. after the injection of the insulin, wlndhor convulsions had or had not supervened. 



Wt. 

Blood- 
sugar 
g. ])or 


Liver glycogen 

1 no reuse 
over 

Total control 



No. 


100 (T. 


mg. 

mg. 

Remarks 


1 

493 

0 141 

0 82 

139 

- 

(k)ntrol 


0 

399 

0 058 

1-71 

297 

1.58 

0-25 unit—sliglit eonvulsivc 
Killed 2 lirs. 10 mms. after 

attack. 

insulin 

3 

472 

0-002 

1 03 

107 

28 

0-50 unit—no symptoms, 
alter 2 hrs. 9 mms. 

Killed 

4 

590 

0 058 

0 99 

185 

40 

0-75 unit—no symptoms, 
after 2 hrs. 7 mms. 

Killed 


(182 

0-058 

0-09 

107 

28 

1-0 unit—no symptoms, 
after 2 hrs. 5 mms. 

Killed 


It has been found in these young animals tliat the glycogen content of 
the liver after hours’ starvation is higher in the winter (when the experi¬ 
ments retiorded in this paper were carried out) than in the summer. Further, 
they seem to be more resistant to insulin in the winter than in the summer, 
as judged by the rapidity of onset of convulsions after a given dose. The 
results of the above experiment show' that the degree of gluconeogenesis in 
the liver is not so much a function of the dose of insulin as of the rapidity of 
a])])roach to the convulsive state. The only animal wdiich show'cd a rise in 
the liver-glycogen wdiich w'e can regard as considerable w^‘ls No. 2, wdiich wnis 
the only one that exhibited a convulsive attack and it had received the 
smallest dose of insulin. We must, therefore, consider that the large new 
formation of glycogen is a response to some urgent necessity arising from the 
intensity of action of the insulin. In the next experiment the dose of insulin 
was kept constant and the time of action varied. Estimations of muscle 
(gastrocnemii)-glycogen were also carried out in each case. Determinations 
of so-called ‘‘free sugar” were also made in liver and muscle. This was 
done as follow's. About 5 g. of tissue w'cre dropped into a weighed stoppered 
centrifuge tube of about 100 cc. capacity containing 20 cc. absolute alcohol, 
which had been kept in ice. After w'eighing, the tissue was minced under the 
alcohol as finely as possible wdth sharj) scissors, wdiich were washed clean 
with 20 cc. 70 % alcohol. The contents were now shaken periodically and 
kept in ice for 2 hours and then centrifuged. The clear supernatant fluid 
w'as then pipetted off and run into a graduated 100 cc. flask. The entire 
operation W'as then repeated and the supernatant fluid again added to the 
flask. The alcohol was now removed on the w\ater-bath and the residual fluid, 
which W'as of a yellowdsh colour, worked up for estimation of sugar as follow's. 
20 cc. of 15 % sodium sulphate and 3 drops of glacial acetic acid were added 
to the flask and, after wanning on the water-bath, 1 c(;, of colloidal ferric 
hydroxide was added. The flask was cooled and the liquid made up to 
100 cc. and filtered. Reducing power was estimated in 20 cc. of the filtrate 
by the method of von Issekutz and von Both [1927]. In regard to this method 
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it must be mentioned that when dealing with extracts of tissue allowance 
must be made for iodine-binding substances by a preliminary titration in 
the cold. Although there can be no question of the figures thus obtained 
being entirely due to sugar, it was thought that any considerable change in 
tissue-sugar would show itself by this method. 


Exp. 9, Seven young female rabbits from the same litter, 6 weeks old, wore starved for 24 hrs. 
Two were taken as controls, four were given 0-5 unit of insuJin subcutaneously and killed at 
different times afterwards. One was given suffioient insulin to put it into convulsions and then 


killed. 

Liver 




Blood- 

Glycogen 

“ Free 



sugar 

f -— 

— - ^ 

sugar” 


Wt. 

g. per 


Total 

- Total 

No. 

g- 

100 cc. 

g. % 

mg. 

mg. 

1 

540 

0 

0*81 

142 

127 

2 

503 

0122 

0*02 

155 

— 

a 

535 

0036 

1-28 

225 

— 

4 

538 

0050 

0*78 

152 

00 

5 

535 

“0” 

1*19 

195 

— 

b 

492 

0053 

3*02 

701 

90 

7 

587 

0*035 

4*43 

1159 

— 


Muscle 



“Fret* 



Glycogen 

sugar” 

Lose of insulin and 

g- 7o 

g* % 

time of action 

0*28 


Control 


0*29 

0-27 



0*28 

0-25 

0-5 unit — 

30 mins. 

0*32 

- _ 

0-5 „ -- 

00 „ 

0*32 

0-31 

0*5 „ - 

97 „ 

0-30 


0*5 „ - 

146 „ 

0*23 

0-28 

0*5 „ 

3.30 p.m. 



0-5 „ - 

-0.25 ,, 



0*5 

8.(K) „ 



2-0 units— 

-8.15 ,. 


Hypoglyoaeunia and 
'killed - -9.00 }).iri. 


it was again seen that the control values for liver-glycogen wore much 
higher than those foimd in similar animals in summer. The muscle-glycogen 
was, however, of the same order as always found in those animals. 

The fir^ point elicited from this experiment was that, althongh there 
occurred marked rises in liver-glycogen in animals 3 and 5, animal 4 showed 
no change, which we think shows that the amassing of liver-glycogen is not 
merely a function of the time of action of the same dose.. The time of action 
is, however, clearly of great importance as is aeen from the findings with 
animal 6, which, without any manifest symptoms, was found to have a 
liver-glycogen of 3-62 % and a total of 761 mg., i.e. 5 times the control value. 
It seems as if the process of gluconeogenesis were suddenly stimulated to a 
very much increased activity by an emergency created by the insulin at its 
point of maximum efiectivity. No. 7 illustrates very strikingly the progressive 
nature of this glycogen deposition in the liver and demonstrates beyond doubt 
that insulin, in these circumstances, so far from ‘'clearing out'’ the glycogen, 
is bringing about a very rapid gluconeogenesis. 

The values for muscle-glycogen were remarkably uniform and left no 
doubt that whatever carbohydrate was being used peripherally was being 
adequately replenished from new sources as the insulin continued its action. 
The “free sugar” in the liver was very suggestive of an inhibition of glyco- 
genolysis, for the ratio of this to glycogen fell from 0*9 in the first control to 
0*43 in No. 4 and then to 0*12 in No. 6. In the muscles, however, no such 
striking changes were found. These results suggest that whilst insulin may 





INSULIN AND GLUCONEOCxENESIS 


255 


inhibit the change from glycogen to glucose in the liver, it does not do so in 
the muscles. 

From the last two experiments we consider that insulin can stimulate the 
process of gluconeogeiiesis in the liver, and that this effect is most obvious 
when the animal is at the stage of convulsions. 

Summary. 

1. Evidence is presented that insulin can stimulate the new formation of 
glycogen from endogenous sources. 

2. It is considered that the theory that insulin inhibits gluconeogenesis 
is untenable. 

I am indebted to Dr H. R. Youngman for assistance in the carrying out 
of the last two experiments. 

It is a pleasure to express my gratitude to Prof. Hugh MacLean for his 
unfailing advice and encouragenumt. 
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XXXIV. THE HYDROGEN ION CONCENTRATION 
AND THE CALCIUM AND PHOSPHORUS CONTENT 
OF THE FAECES OF RACHITIC CHILDREN. 

By THIRZA REDMAN. 

Front the Departmentt of Bacteriology, Liverpool Univernity. 

{Received March 14th, 1929.) 

In a previous paper [Redman, 1928] an attem])t was made to correlate the 
Pyi of the faeces of rachitic children with their clinical condition, the children 
being kept in hospital on a special diet, but different gn'oii{)s undergoing 
different methods of treatment, and their clinical condition being controlled 
by X-ray photograjihs. In the present paper another aspect of tlie same work 
is described. 

The investigation consisted in the determination of the^^j^ ol fresh samples 
of faeces and the estimation of the calcium and phosphorus in the same 
samples when dried. The p^ values were d(Vermined by means of the quin- 
hydrone (dectrode. 

Calcium was estimated in tlie following maimer. A siiitabh‘ (juantity of 
dried faeces was burnt to a grey ash in a vitreosil crucible. Th(‘ ash was 
extracted with liot dilute IICl and well washed with hot water. The filtrate 
was made just alkaline to methyl red with ammonia and then just acid with 
acetic acid; it was then boiled, precipitated with boiling ammonium oxalate 
solution and left overnight. Tlu^ j)recipitate was filtered off, washed, dissolved 
in hot, dilute HoSO^ and titrated with standard iiermanganate solution. 

For the estimation of phospliorus a portion of dried faeces was digested 
in a round'bottomed flask with a mixture of cone. and cone. HNO 3 

till all the nitric oxide fumes were boiled off and oxidation was complete. 

The liquid was cooled, diluted with water and made slightly alkaline 
with ammonia, then just acid with nitric acid and a volume of 50 % ammonium 
nitrate added. After heating to 70" the solution was precipitated with 
ammonium molybdate mixture, well shaken, cooled and filtered by suction. The 
precipitate was washed with 10 % HNO3, then mth 2 % NH4N()3 and lastly 
with distilled water. It v’^as then washed back into the flask, dissolved in a 
known volume of N NaOH, boiled for 20 minutes, cooled and titrated with 
iV /2 H 2 SO 4 , using phenolphthalein as indicator. 1 -2 cc. of acid were added 
in excess and the solution boiled again for 15 minutes. It was then cooled 
again and accurately titrated with iV /2 NaOH. 

Curves were then plotted to show the relationship between the pjj^ and 
the percentages of calcium and phosphorus in the faeces at different periods 
of time under the same conditions of diet, but under different treatments, 
until healing of the rickets was established. 



FAECES OF RACHITIC CHILDREN 


257 


The children were kept on the following diet: 

Milk Mince 

Cream Minced chicken 

Cocoa, made with milk Bacon gravy 

Raw egg beaten in milk Bread 

Blancmange Rusks 

Custard Butter 

Beef tea or chicken broth Oranges 

Two younger children (Nos. 48 and 49) did not receive mince, chicken 
or cocoa. 

The different treatments were as iollows: 

1. ('oddiver oil and malt together with 

(a) artificial sunlight (tungsten-cored carbon arc), 

(h) mercury vapour lamp. 

2. ‘Mi.stelin,” 

3. Irradiated ergosterol. 

4. ''Radio-malt.’’ 

5. Irradiated cholesterol. 

The routine method of dealing with the faeces was described in the 
previous pa[»er. 

Curves liave been plotted from one or two representative cases from each 
groii}> oi children and from one control child on the same diet, but not 
suffering from rickets. Figs. 1 to 7 show the curves for rachitic children and 
Fig. 8 shows tlie curv(‘ for the normal child: the ordinates on the left refer 
to jiercentages,” those on the right reler to , while the abscissae refer 
to the periods of time in days. 

Figs. 1 and 2 (cod-liver oil) show a ]>ronounc(Mi fall in the outjuit of 
calcium in both cases 34 and 36 as treatment proceeds and healing occurs, 
but a rise in No. 34 towards the time of com])lete cure. 

A tremendous dro]) occurr(‘d simultaneously in the amount of j>hosphorus 
in case 34 but was not so marked in case 36. The phosphorus curve crossed 
the calcium curve about the 25th day in case 34, but unfortunately data were 
not obtained for case 36, in which the two curAu^s were approaching each 
other towards the 15th day. 

The calcium curve swings in a corresponding manner to the curve in 
the later part of case 34, and practically all the time in case 36. 

In Fig. 3 (case 38, “ostelin ’*), calcium output fell to a minimum about the 
23rd day. The phosphorus curve did not reach its minimum till later, on 
the 29th day. 

No correlation between and either calcium or phosphorus was apparent. 

Fig. 4 (case 40, irradiated ergosterol) is remarkable in that the calcium 
values are almost all lower than those obtained for phosphorus; also for the 
fact that, on this treatment, cases took a much longer time to heal. 

In Fig. 5 (case 44, radio-malt ”) great variations occur in the calcium but 
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not nearly so marked in the phosphoniB output. Again, the phosphoruB curve 
crosses the calcium curve as healing occurs and then diverges from it. The 



Pig. 1. 34. Treatmeut. Cod-liver oil Pig. 2. Cas< 36. Treatmetii. Cod-liver oil and 

and A.S X-ray, Cured 51 days. Hg vapour lamp, X-iay. Cured 38 days. 



Fig. 3. rWf 38. Troalment. “ Ostebn.” Fig. 4. Case 40. Treatment. Irradiated ereo- 

X-ray. Cured 62 days. sterol. X-ray. Nearly cured 63 days. 

•-Calcium x-x Phoaphorus o-o pa 

and calcium curve.s swing together for the greater part of the time. 
Clinically, the case improved rapidly in general condition and intelligence. 
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Figs. 6 and 7 (cases 48 and 49, irradiated cholesterol) show tremendous 
variations in calcium over the first 15 days but greater output of phosphorus 



Fip;, 5. CaseAi. Treatmenf. “ Pvadio-malt.” 
A'-ray. Nearly cured 38 days. 


Fi? 6. Ca<ic 48. Treatment. Irradiated 
cholesterol. X ray. Cured 35 days. 



Fig. 7. Case 49. Treatment. Irradiated chole¬ 
sterol. X-ray. Nearly cured 3(i days. 

^—• Calcium x-- 


Fig. 8. Case^^tl. Normal child. 


X Phosphorus o- o 


in No. 48 than No. 49. The improvement in the clinical condition of both 
these children was almost dramatic after a few days’ treatment. It is notice- 
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a])le that in case 48 the phosphorus curv^e crossed the calcium curve before 
the 10th day and rose to a great height before settling down. At this period 
very loose stools occurred and the quantity of irradiated cholesterol ad¬ 
ministered had to be reduced. This is interesting in view of recent work 
pointing to the ill-effects produced by over-dosage with vitamins in concen¬ 
trated form. Towards the 18th day the phosphorus curve crossed the calcium 
curve again, then fell and remained consistently low as complete cure was 
established. 

In case 49 the phosphorus values were low throughout and the child made 
excellent progress till cured. The values were all below 7 in case 48 and 
nearly all below’ 7 in case 49, and can be fairly w^ell correlated with calcium 
values but: not wdth those for phosphorus. 

Fig. 8 (case 47, normal child) show\s variations in both calcium and phos¬ 
phorus but no crossing of the calcium curve by the phosphorus curve, both 
curves rising and falling fairly w’ell together and with a certain amount of 
correlation with the ('urve. 


Summary. 

The results suggest a certain degree of correlation between p^ and the 
percentage of calcium in the faeces of rachitic children. 

The best clinical results were obtained by the use of irradiated cholesterol 
and it is noteworthy that values were ju'actically all below 7, which may 
indicate some confirmation of the work of Zucker and Marzner [1924j, and 
of Bacharach and Jepheott [1926], on rachitic rats in which it was shown 
that when healing occurred the reaction of the faeces became acid and 
remained so. On tlie other hand, the cases in (piestion (Nos. 48 and 49) were 
on a diet from which the mince and chicken, given to the rest of the children, 
were excluded and the of the faeces may have been influenced thereby. 

Of other cases, healing appear<‘d to be more rapid when the percentage of 
phosphorus was consistently low, e.g. No. 36 on cod-liver oil and mercury 
vapour lamp treatment, and No. 44 on “radio-malt.” In the former case 
the p^^ was less than 7 on all occasions but one. 

1 wish to express my gratitude to Col. Macdiarmid (Medical Superin¬ 
tendent) and to the Staff of Alder Hey Hospital for all their heljj during many 
months of work on cases under their care, to Prof. Heilbron and Dr Kamm 
of the University of Liverpool for the preparation of many batches of irra¬ 
diated cholesterol and ergosterol and to Prof. Beattie, Liverpool University, 
in whose department the wmrk w^as carried out during the tenure of the Virol 
Research Scholarship in Clinical Pathology. 

REFERENCES. 

Bacharach and Jepheott (1926). Biochem. J, 20, 1,351. 

R/edman (1928), Biochem, J. 22, 15. 

Zucker and Matzner (1924). Proc. Soc. Exp. Biol. Med. 21, 186, 



XXXV. HYPERVITAMINOSIS AND VITAMIN 

BALANCE. 

PART II. THE SPECIFICITY OF VITAMIN D IN 
IRRADIATED ERGOSTEROL POISONING. 

PART III. THE PATHOLOGY OF HYPERVITAMINOSIS D. 

Bv LKSIBE .irLRJS HARRIS and THOMAS MOORE. 

From the NidrjtionaJ Laboratory. Fainhndqr. 

(Report to the Medical Research Coa'Hcil.) 

(Received February 28th. 1929.) 

Part II. The spectpktty of vitamin D jn 

IRRADIATED ERGOSTEROL POISONING. 

In the eoiirsi' of. earlier ])a])ers Harris and Moore (J928, ]. 2] confirmed the 
loxie action of irradiated ergosterol in excess and concluded that ‘'a weight 
of ( 3 videnee pointed to the toxic action of excess of vitamin I) per scF Recently 
it has ]>e(‘n suggested, however, that the poisonous effects are not due to the 
vitamin, but ar(‘ confined to certain ])repa7'ations in vdiich poisonous by¬ 
products have been allowed to develop. While we have not wished to deny 
the possibility of such additional toxic by-products we continue in our belief 
that vitamin D is the main and essential toxic ingredient present in irradiated 
ergosterol. Additional evidence in support of this conclusion is described in 
this communication. 

Doubts have been raised on several occasions as to the reality of the 
parallelism between vitamin content and toxicity. Thus after we had com¬ 
pleted in June, 1928, a series of observations upon solid irradiated ergosterol, 
prepared by activation in alcoholic solutions, it was suggested to us by Messrs 
British Drug Houses, Ltd., who had kindly supplied the specimen, that 
toxicity was peculiar to samples whiidi had been prcjiared in this way. 
Experiments in their laboratories had in fact independently confirmed the 
toxic action of ergosterol when irradiated in alcohol, but toxic effects had 
never been observed in ergosterol activated by the routine method employed 
for “radiostol,” a commercial preparation manufactured without the use ol 
alcohol. In the same direction Dixon and Hoyle report [1928] that using 
ergosterol irradiated in oil by Messrs British Drug Houses, Ltd., they had 
been unable to confirm the alleged toxicity of irradiated ergosterol vigantol'’) 
as described by Kreitmair and Moll [1928], In their comdusions they throw 
doubt on the assumption of hypervitaminosis, suggest instead that some 
independent toxic factor must have been present in the alleged toxic specimen 
of irradiated ergosterol, and aver that there is “evidence to show that when 
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irradiated in alcohol the product is toxic.” Recently statemeids have appeared 
in the medical press that ‘^radiostol” is irradiated in such a way as to give 
freedom from toxic by-products. 

As a result of experiments with medicinal ‘'radiostol,” however, we have 
been able to demonstrate that such toxic properties are by no means restricted 
to samples of ergosterol activated by the alcohol method. Weight for weight, 
in fact, the irradiated ergosterol of ‘‘radiostol” has been found to be as 
poisonous in excess as the solid product used in our first experiment. We can 
only suppose that in previous experiments in feeding excess of these sources 
an insufficient allowance of the preparation was administered, or that ad¬ 
ministration was not continued over a sufficient period to allow the develop¬ 
ment of the more severe symptoms of hypervitaminosis. 

* 

Experimental. 

1. on-toxicity of irradiated ergosterol in which vitamin D has been 
destroyed by prolonged over-irradiation. 

The result of this test was alluded to in our earlier paper, but experi¬ 
mental details have not yet been given. 

The over-irradiated ergosterol was })repared from the same specimen of 
irradiated ergosterol that was fed to a control group ol animals, and ])roved 
toxic to them. It w^as exposed in a thin film in a porcelain dish for 24 hours 
at a distance of 30 cm.^ 

Tliree groups of rats were taken weighing about 00 g., and from one litter. 
The same basal diet was fed to all animals, but supplemented in the case of 
the first group wdth non-irradiated ergosterol, in that of the second group 
with the irradiated^ ergosterol, and in the third with over-irradiated ergo¬ 
sterol, at the same concentration in each case, 0*1 % (cc. 10 mg. of ergosterol 
in a 10 g. daily ration). The basal diet wuis the same as that previously 
described [Harris and Moore, 1928, 2, p. 1463], and all animals in each group 
received in addition 0-75 cc. of marmite and 2 drops of cod-liver oil per diem. 

Those animals receiving irradiated ergosterol lost wuught rapidly, and 
showed the symptoms previously described, including loss of appetite, marked 
cachexia, and a 20 % diminution in heart rate, and died after 20 to 34 days: 
post mortem examination showed the symptoms typical of hypervitaminosis D 
to be described later, notably enormous deposits of calcium salts in various 
sites in the body. Those having over-irradiated ergosterol, on the other hand, 
w^re after 35 days growing at the same rate as the normal controls receiving 
non-irradiated ergosterol; there were no signs of ill-health, heart rates were 

^ The speciiuetiB of irradiated, over-irradiated, and non-irradiated ergosterol were assayed 
for their vitamin D activities (by examination of rib junctions and by X-ray pictures of the 
long bones) and it was showm that the over-irradiated ergosterol had been reduced to at least 
1/1000 of the original activity of the irradiated ergosterol. 

* Irradiated by the method previously described [Harris and Moore, 1928, 2]. 
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normal, and on being killed and antopsied no abnormalities, macroscopic or 
microscopic, were seen. 



Fig. 1 , Ii088 of toxicity on destruction of vitamin D by over-irradiation. 


2. Com'parison of toxicity of oil-irradiated ergosterol raddostor^) with , 
alcohol-irradiated ergosterol. 

Rats of about 40 g. from one litter wore divided into three groups. One 
group was given a diet containing 0*025 % of alcohol-irradiated ergosterol. 
The second group was given a similar diet containing approximately the same 
number of units of vitamin D, but in this case provided in the form of 
‘‘radiostor’ (oil-irradiated). The third group served as normal controls receiving 
basal diets of the same percentage composition but from which the ergosterol 
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only was omitted. (All three diets contained: purified caseinogen 20 %, rice 
starch 55 %, salt mixture 5 %, and fat 20 %, the last ingredient being in 
the case of the controls plain arachis oil, in the case of the alcohohirradiated 
ergosterol group arachis oil containing 0-125 % of a(‘cura,tely assayed ergo- 
sterol, and in the case of the ‘'radiostor’ group “radiostor’ itself. All diets 
were supplemented with marmite, 0-75 cc., and cod-liver oil. 2 drops per animal 
'prr diem.) 



Fig. 2. C'lomparison of toxicity of oil- and alcohol-irradiated specjimons of ergosterol. 

. . . Alcohol-irradiated ergosterol (0-025 

“Radiostol” (oil-irradiated) at same vitamin D level. 

- _ Controls without excessive vitamin D. 

Average daily food intakes: alcohol-irradiated, 5, 5, 5 g. (moist weight); oil-irradiated, 

5, 5, 5 g. (moist weight); controls, 0 -12 g., incmasing during expt. 

The results showed that there was a remarkable identity in the degree 
of toxicity of the irradiated ergosterol at a given level of intake, irrespective 
of the form in which it wars administered, either as “radiostoh’ or “solid’’ 
(alcohol-irradiated) ergosterol. The close parallelism of weight curves is note¬ 
worthy (see Fig. 2); it w^as impossible to distinguish one group of animals 
from the other by appearance, and both showx^d similar but slight changes 
in heart rate, much less marked in this case, of course, than w'hcii ergosterol 
w^as given at four times the concentration, as for example in Exp. 1 above 
(Fig. 1). Death occurred after the same lapse of time with “radiostol” as 
with alcohol-irradiated ergosterol. Post mortem both groups were found to 
be very emaciated, there was diminution in size of spleen, atrophy of thymus, 
and great deposits of calcium in kidneys, aorta, heart musculature and other 
sites including calculi in bladder in several instances. No abnormalities could 
be detected in the control “arachis oil” group. 
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0. Ergosterol irradiated iv absence of solvent. 

Through the kiudneBs of Prof. J. C. Druiumond we were fortunate in 
being provided with a specimen of ergoslerol of more than average purity. 
This we irradiated in a thin film in an atmosphere of nitrogen in a quartz 
flask for 240 mins, at a distance of 20 cm. from a mercury-vapour lamp. The 
cirgosterol thus irradiated was then incorporated in the ''synthetic” diet 
previously described (at 0*1 % level) and fed 1o a pair of rats weighing 40 g. 
In spite of llie fact that our procedure in the absence of any solvent was 
probaldy inadequate to produce maximal antirachitic activity—insufficient 
material being availabl(‘ in this instance for an exact assay—the animals 
resuming growtli at almost normal rate after 14 days; nevertheless, when they 
were killed after 28 days histological examination by Mr J. R. M. Innes re¬ 
vealed the typical extensive calcium deposits in kidm^y, aorta, etc. referred 
to above. 


Dtscussjon. 

The reality of hypervitainirfosis D. 

The abov(‘ chemu'al evidence is uniformly in favour of our belief that 
vitamin D per se is toxic when administered in large excess. We have shown 
that toxicitv is developed in ergosterol by irradiation, but that it is destroyed 
with the vitamin by prolonged over-irradiation. Toxicity is absent again 
from ergosterol resinised in such a way as to cause no formation of vitamin 1), 
although such treatment might be expected to produce impurities similar to 
the by-products of irradiation (Harris and Moore, 1928. 2|. It would be a 
remarkable coincidence to find that the hypothetical toxic by-product 
followed the presence of vitamin 1) so closely and so invariably as this. 

By proving the toxicity of pre])arations obtained by irradiation in oil, the 
supposed confinement of toxicity to "alcohol-irradiated” sarnjdes is definitely 
ruled out. Toxicity has been found to run parallel with vitamin 1) content 
no matter what mode of preparation has been adopted. Moreover, this toxicity 
is made manifest in the same ill-effects and in the same post mortem findings 
which in themselves are very suggestive. 

The possibility of additional toxic substances being present in certain 
samples of irradiated ergosterol. however, obviously cannot be excluded. 

It has been stated by Underhill fl928J that by using ergosterol irradiated 
in a non-volatile solvent results were obtained which confirmed our own with 
alcohol-irradiated ergosterol. Nevertheless he considers the deleterious effe(‘ts 
to be not entirely due to vitamin D itself, since ergosterol irradiated under 
different conditions "and subjected to further manipulation may have much 
greater deleterious results.” It is impossible to deny the existence of such 
hypothetical toxic by-products but we consider that the above chemical 
evidence considered in conjunction with evidence of the marked disturbances 
in calcium and phosphorus metabolism wffiich are the foremost characteristic of 
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irradiated ergosterol poisoning (see Part III) amply justify our belief that the 
conditions described constitute a genuine state of hypervitaminosis D. 

In Part III possible reasons are considered for the failure of several in¬ 
vestigators to obtain symptoms of hypervitaminosis. 

Part III. The pathology of hyi»ervitaminosis D. 

As to the pathology associated with excessive vitamin D intake, two 
opposing conclusions have so far been put forward. 

On the one side, Pfannenstiel [1927] had found that rapid loss of weight 
and death were caused in his experimental animals, and Kreitmair and Moll 
[1928] in confirming this described the presence of massive deposits of calcium 
in many sites in the body (in the blood-vessels, heart musculature, kidneys, 
lungs and other organs). 

On the other side, Dixon and Hoyle [1928], who failed to confirm the 
German work and were led to throw doubt on the assumption of hypervita¬ 
minosis, found no definite symptoms (except occasional haematuria) and when 
the animal was killed for 'post wortew examination they found in the organs 
neither pathological changes in the microscopical sections nor deposits of 
calcium, nor pathological lesions—except those associated with urinary calculi, 
which were found in every case (except one) at the highest level of vitamin D 
feeding^. 

Our own experimental animals, on all of the various high vitamin D diets 
already described, have at post ynortew examination invariably shown the 
condition described by Kreitmair and Moll. Urinary calculi have frequently 
been evident as well. Several new aspects of hypervitaminosis have also come 
to light, and we have been surprised to note the remarkably rapid cures, 
with considerable disappearance of calcium deposits, which occurred when 
the excessive vitamin D was withdrawn from the diet. 

Experimental. 

(1) Ph 

On certain diets the absence of vitamin D is known to cause an increased 
alkalinity of the faeces, and when the vitamin is again given the faeces revert, 
temporarily at least, to a more-acid reaction [Zucker and Matziier, 1923; 
Jephcott and Bacharach, 1926; Redman, Willimott and Wokes, 1927; Yoder, 
1927; Grayzel and Miller, 1928]. Moreover artificial acidification of the 
contents of the gut [Irving and Ferguson, 19251, or the addition of acid to 
the food [Zucker et al.^ 1922] can alleviate the effects of vitamin D deficiency 
(?,c, low blood-Ca or -P or both). Since, then, vitamin D deficiency tends to 
result in diminished acidity of faeces, it seemed of interest to determine 
whether under some circumstances vitamin D excess might be accompanied 

^ Kreitmair and Moll had also found that in hypervitaminosis the spleen shrank to a small 
fraction of its normal size: Dixon and Hoyle obtained, in one group of rats, 20 % diminution 
in weight only. 
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by an increased acidity, jnst as we have found in other ways too that the 
results of vitamin excess are in fact the opposite to those of vitamin deficiency, 
e.g. blood-phosphate [Harris and Stewart, 1929] or blood-calcium, or degree 
of calcification. 

The ])^^ determinations were made in the usual manner [Jepheott and 
Bacharacli, 192GJ by Miss E. Alchorne and Mr A. L. Racharach. to whom we 
are greatly indebted. When the basal diet used was in a sense an unpromising 
one for our purpose —viz. one on which the reverse change (from acid to 
alkaline on a vitamin D-dehcient diet) is not readily, or at all, attaimaf—no 
decisive increase in faecal acidity was obtained, ft is true that we were 



Fig. 4. of faoci'a Each curve is the aveiage for three animals. Srtujb hrt* —excess]\e 
irradiated crgosTcrol (0 ] Double — non-irradiated ergosteiol. Noirnal (V- P ratio 
m diet. 

No (di'Bi separation into two distiiw t p,, zones could be etfectrd. Animals showed great 
tiuctuation in faecal from day to day. The mean pjj incn^aMcd during the course of the 
experiment (Out of a total of 15 daily sots of readings, the lowest pn rei'orded was on 14 
occasions from an animal in the “excess vitamin’’ group, and the highest p|, recorded was 
on 11 ofcasions from an animal in the “non-irradiated ” group.) 

snccivssful m showing tliat there was some decrease in th(‘ a verage daily faecal 
pij of the animals receiving ext'essive irradiated ergosterol over the controls 
receiving excessive non-irradiated ergosterol, yet individual animals in the 
irradiat(‘d groiij) not infrequently had a faecal just as high or even higher 
than individual animals in the non-irradiated group. 

Further work is in progress using a diet on which the change of reaction 
Vv'ith ab.sence of vitamin D occurs more readily (modified Pappenheimer, low 
P—high Ca) also with high P—low Ca diets. 

(2) Inf life nee u'pon the heart heat. 

In the course of a s<»parate electrocardiographic investigation, now in pro¬ 
gress in collaboration with Dr A. N. Drury, we have found that the production 
of hypervitaminosis is invariably accompanied by a progressive diminution 
in rate of heart beat. A iall of 20 % or more was observed at the level of 
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0*1 % of irradiated ergosterol. but much less at 0-025 % (“radiostoL' and 
alcohol-iiTadiated ergosterol). 

(5) Other sj/ mpto .s*. 

The remarkably rapid loss in weight (comparable with that in starvation), 
frequent diarrhoea, lowered food intake, and marked cachexia, greatly raised 
blood-phosphate [Harris and Stewart, 1929], and urine literally saturated 
wdth (‘alcium salts, have been referred to elsewhere. 

(4) Post mortem 

We are deeply indebted to Prof. J. B. Buxton and his staff for carrying 
out post mortetH examinations. 

(a) Coiitrols. Animals wdiich WTre killed after receiving the various control 
diets, containing (1) non-irradiated ergosterol, (2) nomirradiated ergosterol 
Ta'siiiised by heating, (3) over-irradiated ergosterol or (4) oily solvents alone, 
were wadi nourished and sliowaai no abnormalities, macroscopi(‘ally, or in 
microscopic- section, except for the occasional presen(‘-e in the kidney of 
separate minute calcareous s])ots, such as are not infrecpiently observed in 
the jiormal rat. 

{h) Irradidied ergosterol radiostold' (’tc,)- Closely concordant findings 
were obtained in all instaiua^s, and as a tv])i{*al exa]n})le, those resulting in 
cases of death Irom excessivt^ “radiostor' may be cited^. 

(1) Macroscopic exami)Hiiiov show'cd that the animal wans very emaciated, 
with an entire kndv of subcutaneous fat. 

Spleen. One-half normal size (with atrophy of Malpighian bodies), re¬ 
generating upon cure. 

Thgmus. Atrofdiied and l(\ss than one-quarter normal size (in some cases 
it had practically disappeared), regenerating with cure. 

Bladder. Contained {c,g,) 5 calculi^ as large as pins’ heads and gritty 
materiaP. 

Calcareous deposits. Tangible deposits, visible to the naked eye. in kidneys 
(w-^hich were beset with wdiite areas), in heart-muscle (whitish ])ands). in 
pyloric end of stomach, aorta (walls thickened and sclerosed), colon, etc. 

This abundant calcitication has been previously observed by Kreitmair 
and Moll, but the extensive changes in the thymus and the condition oi the 
urine do not appear to have been previously noticed. 

(2) Microscopic examination. Specimens were cut in each experimental 
group from the heart, aorta, kidneys, stomach, duodenum, spleen, thymus, etc. 
Detailed histological findings are presented elsewhere, but the main coji- 
clusions regarding calcification are typified in the case of animals on 0’()25 % 
‘Yadiostol,” alluded to above. 

^ Level of intake equivalent to 0-025 % of highly active solid irradiated ergosterol in the diet. 

® Identified chemically. 

* In rabbits the urine in the bladder had become cloudy with excessive calcium salts, as 
shown chemically. 
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Aorta. Extensive calcification in the tunica media, causing the elastic 
lamina to t)ecome separate and intima to be raised from underlying structure. 

Kidneys. Extensive areas of calcification in medulla, cortex and pelvis; 
and casts in the ducts of Bellini, 

Heart musculature. The small arteries of the muscle definitely thickened 
and calcified, in some cases forming a complete ring. Some of the bigger 
branches of coronary arteries show the whole arterial (‘oat to be converted 
into one calcified mass obscuring all structural detail. 

Cartilaginous tissues. Calcification had occurred. 

Duodeynmi. Cakdfication in reticular tissues. 

Small intestine. (Calcification in progress. 

The calcification of cartilage appears to have escaped notice hitherto. 

(5) Effects of age, and degree of vitamin excess. 

Age. In the first place, as might be anticipated, we find that there is 
always a tendency for an older animal to survive longer on any given vitamin 
ex(‘ess than for a younger one. 

Tal)lc 1. 

0-1 % irradiated ergosWrol, 

Initial weight of animal, g. 40 49 oO el 53 04 80 J(Xl 100 

Days elapsing before death (> 10 1 24 10 25 20 34 32 

Similarly, distui'bances in levels of blood-phosphorus and -calcium app(‘or 
to be less easily produced in the older animal [Harris and Stewart, 192t): 
Hess, Weinstock and Rivkin, 1928]. 

Degree of excess. More important are the effects of diff'erences in the 
degrees of the excess of vitamin T) fed. Now we find that irradiated ('rgosterol 
gives rise to definite hypervitaininosis at a level of 0-025 % of the diet no 
less than at 0-1 %. But at the latter concentration there ocxnirs a remarkably 
ra})id loss of weight, at the rate of some 1 or 2 g. per diem, which begins 
immediately, on the first day of the experiment. On the other hand, at the 
slightly lower concentration of 0*025 % there is a cessation of growth but 
little or no loss of weight, and there is a considerable lengthening of the period 
which elapses before the animal finally succumbs to the hypervitaininosis, 
compared with that on the fourfold concentration (see Fig. 3, Part II). The 
post mortem findings differ somewhat in the two cases. The more prolonged 
hypervitaminosis (on the lower concentration of irradiated ergosterol) tends 
to result,^! is found, in greater accumulation of calcareous deposits in the 
form of urinary calculi. When, however, death occurs more swiftly following 
rapid loss of weight (on the slightly higher concentration of irradiated ergo¬ 
sterol) calcium deposits may be seen as before as white bands or spotted 
areas in the heart muscle, kidney, colon, etc., but there appears to have 
bcen~not unnaturally—less opportunity for the growth of large calculi. 
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Discussion. 

Nature of hypervitaminosis. 

It would appear that there are two threshold values for vitamin D, a 
mimmum and a maximum. Below the minimum, there result deficiencies in 
blood-phosphorus, or -calcium (or both), and a consequent deficient calcifica¬ 
tion: the primary factor is a diminished retention of these two elements. 
Above the maximum threshold value on the other hand, there result excessively 
high blood-phosphorus or -calcium (or both) and a consequent excessive calcifi¬ 
cation. To some extent, as we have seen, the blood-calcium in hypervitaminosis 
is prevented from reaching too high a level by increased precipitation of 
calcium deposits and by excretion. 

Several other aspects of hypervitaminosis are still quite obscure. As to 
the meaning of the atropic changes in the spleen and thymus there is as 
yet little evidence, but the reverse changes have been reported in rickets 
and we are examining the problem also in relation to the extirpation of 
these organs. The observed rapid fall in weight, with the suggestion of increased 
general metabolism, must also call for further enquiry, in the process of which 
we may reasonably expect some light to be thrown on the mode of action 
of vitamin I) in the body. 

Comparison of divergent results of different workers. 

Our findings confirm those of Kreitmair and Moll [1928] that hypervita¬ 
minosis 1) is associated with gross distui'bances in calcium metabolism. It 
remains to consider why other workers feeding large overdoses have failed 
to observe similar disturbances. 

In the experiments of Dixon and Hoyle [1928] ergosterol which had been 
irradiated in oil was administered to rats at levels of 1, 2, 11 and 17 mg. per 
diem without giving rise to the symptoms of hyper\dtarninosis described by 
Kreitmair and Moll. When the 17 mg. level was reached, however, they did 
observe urinary calculi in their experimental animals. Their results also show 
that, while at levels of 1, 2 and 11 mg. there was good growth rate, at 17 mg. 
grovi}h was poor, in fact had practically ceased. It is interesting to speculate 
whether the toxic threshold of vitamin D dosage may not have just been 
reached, and whether had they increased the vitamin D activity yet further, 
another four times at least, definite symptoms of hypervitaminosis might not 
have appeared. In a similar way Rosenheim and Webster [1927], who men¬ 
tioned that they had found irradiated ergosterol to be harmless t® a rat at 
10,000 times the minimum effective dose, had no doubt not quite reached 
that concentration of vitamin D which is definitely toxic—100,000 times the 
minimum effective dose was needed in our experiments to cause a rapid loss 
of weight. 

^ The absence of marked symptoms of hypervitaminosis in experiments on 
the human adult may probably be explained on similar grounds. By feeding 
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iiTadiat(*d ergosterol at a dosage of 8 mg. for 21 days Havard and Hoyle 
[1928] observed neither injurious effects nor any change in blood-inorganic 
phos])horus or blood-serum. Although Kroetz [1927] reported that by feeding 
18-30 mg. of the material great changes in mineral balance^ were induced, 
he also found that such doses were apparently harmless. One is tempted to 
think that if it were possible for a still larger quantity to be taken, and over 
a sufficiently prolonged period, some rise in calcium or ])hosphorus must ensue. 
In the adult rabbit we find that the first rise in blood-phos])horus on the 
toxic dose of 10 mg. per day may not occur until after a fortnight [Harris 
and Stewart, 1929]. Calculating on the admittedly rough basis of relative 
body weights^ from the lethal dose for the rat (i-lO mg.) and for the guinea-pig 
(about 40 mg.) the equivalent for a human of 10 stone would be some 10 g. 
per diem, and it may well be that the amounts consumed by these investi¬ 
gators were insufficient to cause any definite rise, particularly when one recalls 
that the a dull is less susceptible to these changes than rhe young animal. 

Since Part I was published, confirmation of the })henomenon of hyper- 
vitaminosis D has a])pearcd in the independent work of Collazo. Rubino and 
Varela [1929|, who name the condition vitaminismus.” We also learn 
privately of confirmatory cvidencf' obtained in other laboratories, 

Summary. 

Part 11. 

1. Evidence is juesented in support of the belief that excessive vit.amin 1) 
per sc induces a condition of specific hypervitaminosis, apart from possible 
separate (but undemonstrated) ill-effects due to poisonous by-products, if any. 

2. ‘‘KadiostoE’ (activated in oil) and irradiated ergosterol (activat(‘d in 
alcohol) when fed at the same vitamin D levels produced hypervitaminosis of 
the same degree of severity. Ergosterol irradiated in absence of any solvent 
also produced specific ill-effects. 

3. Fuller details are given of tests showing that the toxicity of irradiated 
ergosterol disappears concurrently with the destruction of its vitamin 1) by 
over-irradiation, and that non-irradiated ergosterol and ergosterol which has 
been resinised without the production of vitamin U are both non-toxic. 

Part HI. 

4. Post mortem examination after death from hypervitaminosis D showed 
not only enormous deposits of calcium in the heart musculature, kidneys, 
and other organs as noted by Kreitmair and Moll, but often in addition tbe 
presence of urinary calculi, which were report.ed in the conflicting result of 

1 The renal excretion of P, Cl and water was found to be much inoreeiBed, together with a 
lowering of blood-P and some acidosis. The effect is certainly surprising since it is the opposite 
of ihat produced by administration of vitamin I) to the rachitic infant. 

* The lethal dose varies appreciably from one species to another. 
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Dixon and Hoyle to occur in the absence of any such generalised hyper- 
vitaminosis. 

5. Features, of experimental hypervdtaminosis in rats and rabbits, now 
observed for tbe fust time, include—in addition to a remarkably high blood- 
phosphate—a tendency towards diminished of faeces, diminished heart 
rate and at death atrophy of the thymus. 

6. It would appear that there are low a,nd high threshold values for 
vitamin D, below- and above which there are caused deficient and (excessive 
values respectively of blood-phosphorus and/or blood-calcium and resulting 
calcification. Atrophy of the thymus and spleen may be contrasted with the 
enlargement or liypertrophy often seen in clinical rickets. 


The fcM'ding of the experimental animals has been carefully attended to 
by Mr A. Ward. 
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XXXVI. FURTHER STUDIES OF THE CHEMICAL 
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{Beceived February 2()th. 1929.) 

Introduction. 

In a previous paper on this subject [I)runinion<b Channon and (toward, 19:^5], 
the claim of Takahashi aud his colleagues [1922, 1923. 19251 to hav'e isolated 
vitamin A from <*od-liver oil was criticised. It was shown tliat tlie fraction 
to which they gave the name “hiosterin" was probabh^ a. (‘()m])lex mixtiiri* 
containing, in addition to tin? vitamin, unidentified unsaturat<Ml alcohols and 
possibly hydrocarbons of the sqiialene type. The investigation we are now 
reporting rcqiresents an extension of our earlier work, and the results [iroviile 
conclusive proof that ‘‘ biost(U'ijr’ consists to a very large extent of substances 
oth(T than vitamin A. 

The (‘arlier ex])erience in this laboratory led us to belit've that the con¬ 
siderable difficulties (‘ncountered in separating the constituents of tln^ un- 
saj)onitiable fraction of cod-liver oil might to some extent b(‘ h'ssened il a 
much larger amount of material were available for fractionation than had 
formerly been employed. Accordingly plans wine made for ])r(q)aring the 
unsaponifiable fraction from a very large quantity of cod-liver oil. Through 
the generosity of Mr R. B. Job and Mr W. A. Munn of St Johns, Newfoundland, 
we were provided with 125 gallons of a high (juality medicinal cod-liver oik 
Actually the hopes based on the possession of the large amount of unsaponi¬ 
fiable material from this oil were not realised, for peculiar difficulties en¬ 
countered in its examination made it advisable to change the line of attack. 

It was decided to make a comparative study of the vitamin fractions from 
several difftuent sources in order to ascertain whether a correlation between 
the vitamin content and any chemical characteristic could be traced. For 
this part of the investigation four materials wore selected, namely, the un¬ 
saponifiable fractions from {a) cod-liver oil, (6) sheep-liver fat, (c) Greenland 
shark-liver oil, {d) Japanese shark-liver oik 

Although we have failed by this means to throw any clear light on the 
chemical nature of vitamin A, we believe we have established that the active 
substance is present in liver-oil concentrates in amounts so minute that 
direct attempts at its isolation by the ordinary chemical methods are of 
little use. 
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ExPERfMENTAL. 

A. Cod-liver oil. 

A large (|uaiitity of modieinal cod-liver oil from Newfoundland was 
saponified on a semi-technical scale in the laboratories of the British Drug 
Hous('s. We are greatly indebted to Mr F. H. Carr for his advice and assistance 
in carrying out this part of the work. The product yielded by this treatment 
was r(‘-saponiH(‘d in our laboratory with alcoholic KOH, and the extracted 
unsaponiiiable fraction was again hydrolysed, this time with sodium ethoxide. 
All th(;s(‘ operations were carried out with special precautions against oxida¬ 
tion. 

The yield was about 0*7 % of the oil, and the product was a clean orange- 
(‘oloun‘d crystalline wax. The vitamin A colour value’ was 

As in })nH’ious work, the first step was to remove the greater part of the 
(diolesterol by crystallisation from methyl ak'ohol or light petroleum. In this 
manmu' several hundred grams of a dark red oil (I) with the following pro- 


})(‘rt ies wtu’c obtaimal: 

('holest(‘rol content ... ... ... l‘h,‘kb % 

Fl(‘fractive index ... ... ... ]*r)022 

lodiiu' value- ... ... ... ... Kil 

Vitamin A colour valu(‘ ... ... 2d 


Our previous studies had led us to believe that this material contains in 
addition to cholesterol a, iiumber of unsaturated alcohols which might possibly 
b(‘ se])arated by th(‘ preparation of suitable derivatives. Weidemann [1926J 
attempted to separat(‘ the alcohols present in the corresponding fraction of 
Crei'nland shark-livtu* oil by means of the phthalates, but the record of his 
experience did not ei\courage us. 

After a considerjible amount of exploratory work along these lines we 
concluded that it would prove a matter of v(*ry great difficulty to effect any 
sort of separation of the constituents of the vitamin fraction of cod-liver oil 
by this means. No satisfactory crystalline derivalives were obtained, even 

^ Vitamin A (iulour values. It is not easy (o find a satisfaetoTy manner in which to (express 
the relative powers of (Kineiaitrates to yi(‘ld the blue colour reaction of Roseniieirn and Drummond. 
Th(‘ most satisfactory estimations of the colour producaal by arsenic or antinuuiy trichloride' 
under the conditions described by Carr and Price [1{)2()J made betwi'i'ii 5 and K) blue umts. 
Throiipfliout this paper the colour values of coueentrates are exprcssial in the form of the re¬ 
ciprocal of the percimtajj^e concimtration in grams which gives 10 blue units when 0-2 cc. of the 
chloroform solution is treated with 2 cc. of a 30 % solution of antimony tricliioride in chloroform, 
and the colour measured after 30 seconds in a tube of 1 cm. diameter. We have relied almost 
entirely on the colour reaction for detecting and estimating vitamin A throughout tliis study. 
In an investigation which is shortly to be reported we have submitted the colour test to a furtlier 
critical examination, and, as a result, believe it to he a more accurate method of estimating 
vitamin A than the biological method. 

2 The majority of the iodine values given in this paper were determined by using the method 
of Dam [1924]. 

18—2 
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when the substituted bromo- and nitro-phthalates were prepared, and finally 
we abandoned this line of attack. 

Tliere remained the possibility that with the larg(‘r amounts of material 
at our dis})osal a more satisfactory separation by distillation in high vacuum 
might be obtained. In some respects the distillations reported in the earlier 
work were unsatislactory. In the first place they were conducted at relatively 
high pressures (1 to 2 mm.), and secondly, although it was shown by colour 
reaction and by feeding test that vitamin A had survived the process, no very 
clear evidence was obtained as to the amount of loss that had occurred. 
This was due to the unreliability of the biological test as a quantitative 
measure of vitamin A, and to the fact that the colour reaction was at that 
time (1924-5) carried out with sulphuric acid, and was therefore quite un¬ 
suitable for quantitative assay. 

In view^ of the great expense we could not in the j)resent study entertain 
the idea of removing completely by precipitation with digitonin the cholesterol 
present in our raw material, and an attempt was made to distil it Avithout 
this treatment. This was done with some reluctaiK'e as we had always found 
more deeom])Osition to occur when fractions were distilled without removal 
of the precipitable sterol. 

The distillation was carried out in an apparatus so designed that- it could 
be filled or swept through rapidly with a current of [)iirifiod nitrogen. Nitrogen 
for this purpose was ‘‘scrubbed” satisfactorily bv allowing the gas to escape 
from the cylinder through a fine-pored filter candle immersed in an alkaline 
solution of sodium hydrosulphite. It emerges in the form of a cloud of very 
small bubbles which do not coalesce, and a very satisfactory removal of the 
trac(‘s of oxygen which are normally present in cylinder nitrogen is attained, 
])articular]y if the column of hydrosulphite is high, and the gas is stonnl 
for a few hours in contact with the solution before use. The surfaces of th(‘ 
liydrosulphite in the washing vessel and the reservoir are protected by a layer 
of liquid paraffin. 

The side arm of the distillation flask was fitted with a coil of nichrome 
wire, both inside and outside the receiver, so that electrical heating could be 
applied if there was any tendency for the distillate to thicken or solidify. 

The maintenance of low pressures was assisted by having in the system 
a silica tube of adsorbent charcoal cooled in liquid air. 


Distillation of red oil {I) from unsajponijiable 7 naUei' of 
cod-liver oil. 

As a preliminary experiment, 44 g. were distilled under what were re¬ 
garded as satisfactory conditions, namely, uniformly low pressure of O-Ol mm. 
and a relatively small temperature difference (20-25°) between the metal- 
bath and the point of distillation. The course of the distillation is represented 
by curve A in Fig. 1, p. 288. It is unsatisfactory in that there is not much 
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evidence of fractionation. Either the material was a very complex mixture 
or decomposition had occurred. 

The following fractions were, however, taken: 

Chole- 


taction Weight 



Iodine 

sterol 


20® 

Vitamin 

^0. 

K- 

A])pcarance 

Temp. 

value 

O' 

/O 

//40 

value 

1 

:ro 

Pale brown li([uid 

80 -170'^ 

119 

0 0 

1-4813 

+ 0-8 

0-14 

o 

J-7 

(dear brown liquid, 
few crystals 

170 -190- 

115 

2-12 

1-4857 

•y 0-5 

0-80 

s 

4 8 

Clear brown liquid 

190 -222'^ 

l.‘U 

2-83 

1-4872 

-0-2 

2-0 

4 

9:? 

222 ’-245- 

17(> 

10 80 

1-4S8G 

-2-7 

0-5 

C) 

(}-8 

Opaque brown somi- 
solid fat 

24o"-2()0"^ 

170 

204)5 

1-49:35 

-0-95 

0-22 


Tho original material had a vitamin value of 20. If the recovery of vitamin 
be calculated from the weights of the fractions and their respective vitamin 
values it will be seen that it is as low as 2 %. Towards the end of the dis¬ 
tillation th(‘ temperature was tending to rise rather rapidly, and signs of some 
decomposition were evident. A relatively large proportion of undistilled 
material (18 g.) remained behind in the flask in the form of a dark brown tar, 
which had an iodine value of 137, and contained 19*9 % of cholesterol. 

All the fractions possessed the pungent terpene-like odour which suggested 
that decomposition had occurred. In our previous work [Drummond, Channon 
and Coward, 1925], we noticed that this odour was less pronounced when 
material was distilled after complete removal of the sterol. The estimations 
of cholesterol in the above fractions did not suggest that cholesterol itself 
decomposed, as the recovery was practically quantitative. 

In spite of the very large loss of vitamin an attempt was made to stiidy 
the material further. In view of the fact that no apparent separation had 
been effected by the distillation, the fractions that gave the best colour 
reactions (2, 3 and 4) were combined for further examination. 

Some of this mixture was treated with digitonin to remove the precipitable 
sterol. It yielded a dark reddish brown oil with an iodine value of 138. As 
no crystalline products or derivatives could be isolated from it, an attem])t 
was made to reduce it with hydrogen in the presence of a suitable catalyst 
in the hope that solid material would result. The oil proved very resistant to 
hydrogenation at room temperature when using as catalyst platinum pre¬ 
pared by the method of Feulgen [1921]. The hydrogen was absorbed very 
slowly, and it was found necessary to renew the catalyst several times. The 
hydrogenated product was a pale, brown-coloured, semi-solid fat possessing 
an iodine value of 48, and containing a small amount of glistening crystalline 
material. The solid portion was separated and recrystallised from methyl 
alcohol. It separated in the form of shimmering plates. Insufficient was 
obtained for satisfactory purification, but the best preparation melted at 
54-56°. No other crystalline substance was isolated from the hydrogenated 
material. The colour reaction for vitamin A was not given by the reduced 
fraction. 
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The smoothly aseeiidiiig distillation curve obtained in the distillation of 
the cod-liver oil iins^iponifiable fractions, together with the unexpectedly 
gr(^at loss of vitamin A, led us to believe that more general decomposition 
had oc<'iirred during the heating than we had imagined. It was possible that 
decomposition products were responsible for the a])parently rapid poisoning 
of the catalyst, and for the consequent slow uptake of hydrogen by the dis¬ 
tilled fractions. 

Accordingly, an attempt was made to reduce some of the undistilled red 
oil (f) after remo\dng the sterol ])recipitable by digitonin. This material 
proved, however, to be equally resistant to reduction by hydrogen in the 
})resence of platinum. In one experiment 10 g. dissolved in 200 ('c. of absolute 
ak'ohol were treated with hydrogen in the presence of 0-1 g. of platinum. 
Hydrogen was admitted at a pressure of about an atmosphere and a half, 
and the reaction vessel rapidly shaken. The uptake of hydrogen was very 
slow, and several additions of fresh catalyst had to be mad(‘ ni intervals. 
Finally some 200 cc. of hydrogen were absorbed (calculated u])take 1220cc.). 
From the reaction mixture 9-8 g. of a clear yellow oil were separated. On 
standing it deposited a crystalline material v\dii(‘h was removed and re- 
crystallised from methyl alcohol. Several fractions of this product, amoiintiTig 
in all to 0*17 g., were finally obtained ni the form oi white glistening ])lates. 
It melted at 67-69''\ and appeared to be an incompletely jiuiified hydrocarbon : 

0-0170 g. gave 0-0544 g. CO 2 and 0-0350 g. H^O. 

Found: C, 84-28 %; H, 14-53 %. 

The mother liquors from the crvstalline hydrocarbon gave 8-9 g. of a 
clear red oil (II) with an iodine value of 118 and giving a fairly strong colour 
reaction for vitamin A. As no further crystallim* material s(‘])arated from 
this fraction aftei treatment with solvents it was distilled at 0-04 mrn. Two 
fractions were obtained: (a) 2-05 g. boiling between i89-220'\ i.v. 90, 
(h) 5-20 g. boiling between 220-270°, i.v. 138 Attempts were made to reduce 
these fractions more completely, as it was obvious that the original material 
had been very incompletely reduced, but*they were unsuccessful, and only 
yielded small amounts of a product apparently identical with the impure 
hydrocarbon describ(‘d above. 

Our experience in carrying out the hydrogenation of the active fractions 
of cod-liver oil appears to have been in some respects similar to that of 
Nakamiya and Kawakami [1927]. The Japanese investigators found difficulty 
in carrying out a complete reduction when using palladium catalyst and 
temperatures up to 60°. From their treated products they isolated only small 
amounts of crystalline substances, accounting in all for some 5 10 % of the 
original “ biosterin.^’ The identification of some of their crystalline products 
is wholly unsatisfactory, but they claim to have detected nonocosane, batyl 
alcohol, melissyl alcohol and octadecyl palmitate. It is difficult to understand 
the presence of the latter substance in a material that is supposed to have 
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been completely saponified. The liquid fraction of their hydrogenated material 
was also a light brown oil, which did not solidify even at — 75°. 

Fm’ther attempts to carry out a more satisfactory separation of the 
vitamin fraction by careful distillations were made. The great loss of vitamin A 
which we observed seemed to be in part caused by the incomplete removal 
of cholesterol and other sterols precipitated by digitonin. In the earlier 
studies [Drummond, Chaiinon and Oow^ard, 1925] material treated by digitonin 
w as used, and the loss ol vitamin was (antainly much less, although we have 
no quantitative measure of the proportions. We could not afford to use 
digitonin on the scale necessary to treat large amounts of the red oil (I) 
from the unsaponifiable matter of cod-liver oil, and all efforts to distil it 
without such treatment were unsuccessful in that however carefully the 
distillation wais conducted there w^as always a serious loss of the active sub¬ 
stance and. we believe, considerable general decomposition. The failure of 
these efforts, wdnch occupied many months, to separate the constituents of 
the unsaj)onitiable matter from cod-liver oil by distillation, or to isolate appre¬ 
ciable amounts of crystalline substances after reduction, led us to turn our 
attention to other rich sources of vitamin A. 

Before describing this extension of the wmrk, attention may be directed 
to a minor ])oint of interest w-hich arose diiring the cod-liver oil studies. 

/Vc.scacc of squalenc in cod-liver oil. 

In the earlier study by Drummond, Cliannon and Coward [1925] the 
presence in cod-liver oil of a hydrocarl.)on closely resembling squalene was 
described. On the basis of the yield of the crystalline hexahydrochloride and 
tlie octodecabromide it w\as estimated that the unsaponifiable fraction of the 
cod-liver oil used in that investigation—a Newfoundland medicinal oil— 
contained approximately 8 % of squalene. 

During a study of the distribution of squalene in a large number of marine 
species, Channon [1928] failed to detect this hydrocarbon in the material 
extracted from authentic cod-livers or the livers of other Teleostei, He sug¬ 
gested that the presence of s(|ualene in commercial cod-liver oils might be 
due to admixture with liver oils from fish other than gadoids. A similar view^ 
had been advanced by Nakamiya, and Kawakami [1927] w'ho failed to detect 
squalene in their biosterinfractions. During the past year we have been 
able to examine a number of cod-liver oils of unquestioned purity from various 
sources, and have in every case detected the presenc(‘ of small amounts of 
squalene, or a similar substance, by the formation of the characteristic 
hexahydrochloride. In all cavses the test wans earned out by carefully ])re- 
paring the unsaponifiable fraction and removing the gr(‘ater part of the 
cholesterol by freezing out from dry methyl alcohol. After removal of the 
solvent the residue was dissolved in dry acetone and saturated wnth dry 
h^^drochloric acid. If a crystalline precipitate wais formed it w^as filtered off 
and washed well wdth dry ether to remove cholesterol hydrochloride. The 
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insoluble portion was recrvstallised from dry acetone. The following results 
were obtained: 


Uyclroctiloride 


Oil 


LTiisaponifiable 

% 

mg. per 100 g. oil 

M.P. 

Noi-wof>:ian. 

Spring 1928 

006 

12 

123" 

Abordwn. 

„ ' 1928 

0-68 

2*9 

126" 

Moray Firth. 

1928 

0*65 

8*0 

126" 

Nowfoundlaiid. 

ISumnier 1927 

0*67 

;f5 

126“ 


1928 

0-67 

3*2 

125" 

North S('a. 

1928 

0 80 

8*3 

122 " 


These hgurea seem to establish that small amounts of squalene or a very 
similar hydrocarbon do occur in pure cod-liver oil. 

The high iodine values of fractions 4 and 5 obtained in the' distillation of 
the red oil (I) described above appeared to f)e due to the preseiu'c of this 
hydrocarbon, as comf)aratively Inrge amounts of the characteristic hexahydro- 
{‘hlorides vere isolated. From 1 g. of fraction 4 tliere was obtained a yield 
of IbC) mg. of th(‘ hydro(*h]oride. wliereas the same amount ol fraction 5 gave 
218 mg. This product on recrystallisation showed a melting ])oint of 12CU 
arid contained 83*7 % of chlorine (calculated for squalene hexahvdrochloridc 
33-86%). 


B. She(y-]iver fat. 

The unsaponifiable matter was prepared from a concentrate jilaced at our 
disposal by Mr F. H. Carr, by one treatment with alcoholic KOH and one 
with sodium ethoxide. It was a dark reddish brown, rather hard wax with 
a vitamin value of 20 and containing 35 % of cholesterol. The gnaiter part of 
this corivstituent was removed by crystallisation from methyl ak'ohol, and a 
residual dark red oil (III) was obtained wdth an iodine value of 171 and a 
vitamin value of 35. A portion of tliis oil was distilled at a pressure of 
0-012 mm. The distillation was very satisfactory as regards temperature 
control, and there were no apparent signs of decomposition. Nevertheless, a 
steep distillation curve (Curve B, Fig. 1) was obtained indicating that 
the mixture was either a very complex one or that decomposition had 
occurred. 

The following fractions were, however, collected: 


Fraction 

No. 

Wt. 

Appearance 

Temp. 

Iodine 

value 

^40 

Vitamin 

value 

1 

2-7 

(leai* brown-yellow liquid 

177"-190" 

113 

1*4861 

6*7 

2 

20 

Opaque brown liquid 

190"~220" 

149 

1*4876 

15*3 

3 

0*5 

Senii-solid yellow mass 

220"~230" 

171 

1*5043 

8-3 

4 

2*8 

Hard yellow M^ax 

230"-260" 

125 

1*5089 

3-7 

5 

2*7 

Brownish yellow wax 

260"-~280" 

138 

1*5178 

0*5 


Of the original 10 g. of oil distilled only 10-7 g. were recovered in the fractions, 
and the residue in the flask was a thick black tar smelling strongly as if 
decomposition had occurred. Evidence of decomposition was also given by 
the very strong terpene-like smell of the distilled fractions. 
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Although some of the fractions showed fairly strong colour reactions it 
was apparent that the loss of vitamin A had been considerable from a calcu¬ 
lation of the recovery (11 %) of chrornogenic substance. Fractions 4 and 5 
were combined and recrystallised from methyl alcohol. Nearly 1 g. of chole¬ 
sterol was separated. The mother-liquors gave a deep red coloured oil (IV) 
from which no further crystalline material was obtained on treatment with 
various solvents. Fractions 1 and 2 were also c.ornbimal and a small amount 
of cholesterol removed by precipitation with digitonin. The residual red oil (V) 
had an iodine value of 125, and was treated with hydrogen in the presence 
of palladium catalyst. It proved as resistant to reduction as the similar 
fractions from cod-liver oil, and after a long period in contact with the gas, 
and after several renewals of the catalyst, the iodine value had only fallen 
to 55. 

It seemed possible that some of the difficulties encountered in the examina¬ 
tion of this material might be due to the presence of the curious hydrocarbon 
found by Channon and Marrian [1926] in the liver fats of certain mammals. 
In order to t(\st this possibility a small quantity of the fraction was tested by 
saturating the dry acetone solution with hydrochloric acid gas. A crop of 
a crystalline material was obtained, which differed in crystalline form from 
squalcTie hydrochloride and appeared to resemble the hydrochloride described 
by Channon and Marrian. A further 6 g. of the original unsaponifiable 
material (III) were freed completely from cholesterol, and fractionated from 
methyl alcohol in the manner described by these investigators. The following 
fractions were separated: 


(a) ]-27g. 

I.V. 

123 

(b) ()-3 

134 

(c) O-ll 

154 

(rf) 0-30 (insoluble residue) 

302 


The iodine value of the corresponding fraction insoluble in methyl alcohol 
separated from pig-liver material by Channon and Marrian was 309. Bromina- 
tion of our insoluble material gave 0*68 g. of the bromide similar in character 
to that described by them. This yield and an iodine value of 302 would 
correspond to the fraction containing about 81 % of the hydrocarbon with 
an iodine value of 370. A bromination of 0*5 g. of the original sterol-free 
unsaponifiable matter gave 0-275 g. of insoluble bromide. This corresponds 
with the material containing approximately 18 % of the hydrocarbon, and 
would allow an iodine value of about 80 for the other coiistituents. 

The importance of the detection of such relatively large amounts of this 
curious hydrocarbon in the unsaponifiable fraction of sheep-liver fat lies in 
the observation of Channon and Marrian that it is readily decomposed when 
distilled under reduced pressure. A considerable production of liquids of low 
boiling point, together with a failure to obtain any bromide or hydrochloride 
from the distillates, seemed to indicate that the decomposition was extensive. 
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It is, we believe, decomposition of this type that is responsible for the loss of 
vitamin A by secondary reactions when the unsaponifiable material of cod- 
liver or sheep-liver oil is distilled under conditions that might be regarded as 
unlikely to cause destruction of the active substance. 

An attempt was made to reduce with hydrogen and palladium the material 
more soluble in methyl alcohol obtained during the separation of the hydro¬ 
carbon. It was thought that the removal of the greater part of the hydro¬ 
carbon, itsell of a constitution not readily reduced, might render the reduction 
oi the residue more readily ac.complished. Such did not prove to be the case. 
A solution of 1*79 g. dissolved in glacial acetic a(‘id was treated with hydrogen 
under a pressure of about an atmosphere and a half. Hydrogen was very 
slowly absorbed, and several renewals of catalyst were made. In 5 hours 
ITOcc. of gas were absorbed (calculated 190 cc.), and the reduction seemed 
to have ceased. After hydrolysis of the reduced product, in case acetylation 
had occurred, 1 *6 g. of a viscous golden yellow oil were obtained. This material 
failed to yield any crystalline product. 


C, Greenland shark-liver oil. 

The studies of Tsujirnoto and Toyama [1922] and Weidemanii [1920] 
suggested that the liver oil of the Greenland shark, Sonuuosus microcephahis, 
might yield an unsaponifiable fraction of simpler com])osition than the 
materials we have already described, and therefore more likely to provide 
information regarding the nature of the vitamin. The unsaponifiable fraction 
of this oil is known to consist to a large extent of cholesterol and the two 
dihvdrie alcohols, batyl alcohol and selachyl alcohol. 

The sample of Greenland shark-liver oil employed in our w'ork was a 
commenhal preparation of dark orange colour, containing 15 % of unsaponi¬ 
fiable matter. From it 566 g, of this material were prepare<l. The iodine value 
of this fraction was 57, it contained 14*5 % of cholesterol and it possessed a 
colour index of T5. The relatively low vitamin value of this material did not 
deter us from examining its composition in view of the results we were ob¬ 
taining at the same time in the examination of the vitamin-rich Japanese 
shark-liver oil (see Section D). 

On attempting to separate the greater part of the cholesterol by washing 
with ice-cold methyl alcohol a large amount of insoluble pale yellow crystalline 
material separaled. This was further washed with repeated changes of methyl 
alcohol at (U and gave nearly one-third of the whole unsaponifiable fraction 
in the form of a white crystalline product. These crystals were obviously a 
mixture as they melted indefinitely between 65 and 100^. It appeared probable 
that in addition to the greater part of the cholesterol, the methyl alcohol 
had separated a solid alcohol of the type of batyl alcohol. 

By repeated fractionation of a representative sample from light petroleum 
about half the expected amount of cholesterol was isolated in reasonably 



VITAMIN A 


283 


pure condition, but as regards the other components only a number of 
fractions with melting points ranging from 60^ to 90° were isolated. A few 
of these fractions were combined, and the cholesterol was removed by digitonin. 
The residue was a white solid, which, after several recrystallisations from 
methyl alcohol, melted at 68-69°. This appeared to be identical with batyl 
alcohol, M.p. 70-71°, and a mixed melting point determination with a sample 
of batyl alcohol, for which we are indebted to Prof. THujimoto, showed no 
depression. 

A better method for the separation of the batyl alcohol and cholesterol, 
which together ap])ear to make up practically the whole of that part of the 
unsaponihable material insoluble in methyl alcohol, is to employ ether as a 
solvent. Batyl alcohol is sparingly soluble in cold ether and considerable 
amounts were separated in this manner. The purified product melted shar])ly 
at 69' : 

Analyse. 0*1205 g. gave 0*3240 g. Cfb and 0*1370 g. H 2 O. 

Found: C, 73*k); H, 12*62. 

Calculated for C, 73*25; 11, 12*79. 

The fraction of the unsaponitiable matb^r soluble in methyl alcohol 
weighed 306 g., and was an orange coloured oil with a vitamin A colour value 
of 1*3. 

Several very satisfactory distillations of this })roduct were made. One of 
them is represented by curve L\ Fig. 1, from which it may be seen that the 
chief part of the distillate' is probably represented by one substance. The 
data regarding the fractions taken in this particular distillation of 45 g. are 
as follows: 


Fraction 

No. 

Wt. 

g- 

Appearance 

Temp. 

Pressu re 
mm. 

Iodine 

value 

(d)ole- 

sU'rol 

0 


1 

r> 

Yellow HCini-Kohd mass 

ir>()-2sr>‘^ 

0-015 

()S'2 

0-74 

1-4578 

2 

7-9 

Cream coloured semi- 

240" 

0042 

75*2 

2-82 

1-4631 

.4 

0-4 

solid fat 

Pah' yellow lupiid 

240 '244 

0-(^45 

81-4 

3 4 

1 -4640 

4 

2-8 

(dear browiiisli liquid 

244^-250' 

0 077 

89-() 

4-54 

1-4623 

5 

9-7 

250^ 254° 

0-10 

91-2 

3-98 

1-4649 

Of 

the 4i 

5 g. taken 26 g. boiled between 

240-254 

° a 11(3 

appeare 

cl to be 


uniform, apart from a slight rise in iodine value as the distillation proceeded. 
The properties of these fractions suggested that they might be largely com¬ 
posed of unsaturated substances of the type of sclachyl or oleyl alcohol. 

l.V. 

Selachyl alcohol 79 1*4()91 

Oleyl alcohol 94 1 *4020 

Very small amounts of a hydrocarbon, probably squalene, were detected 
by the formation of a crystalline hydrochloride. 

2 g. of the undistilled fraction gave 18*7 mg. hydrochloride, equivalent, 
assuming a 50 % yield, to the presence of 0*6 % of squalene. 

Only the first three fractions showed the colour reaction for vitamin A. 
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These were too pale to measure. 16 g. of the material, boiling between 
240-254"’, fractions 3, 4 and 5, were redistilled. 


Fraeiioii 

Wt, 


l^ressiire 

Iodine 


No. 

g- 

Temp. 

mm. 

value 

TjdO” 

1 

1-9 

120^^-130" 

0*01 

104-1 

1-4561 

2 

4-2 

150"-170^ 


87'() 

1-4552 


1 () 

170"-180" 


87*0 

1-4570 

4 

2-8 


»» 

84-6 

1-4619 

5 

1-7 

195^-203 


87-9 

1-4722 


Fractions 2-5 a])peared to be uniform and were combined (fraction 134). 
4*3 g. of the lower boiling material (fractions 1 and 2) from the main dis¬ 
tillation were also refractionated. They yielded 2-7 g. of a semi-solid white wax 
boiling at 180-200° at 0*01 mm., with an iodine value of 74, and 1*4630 
(fraction 132). 

Fraction 132. Although this material was S(‘mi-solid no satisfactory 
crystallisation from solvents was carihal out, and it was subjected to hydro¬ 
genation. 2 g. dissolved in 100 cc. alcohol were treated with hydrogen and 
palladium catalvsl. Absorption of hydrogen was ra])i(l and a white crystalline 
material separated out in the reacting vessel during the later stages of the 
treatment. 

The reduced substance (1-9 g.) wnis a wdiite crystalline material melting 
at 53 -54°. After recrystallisation from acetone, fractions of a w^hite substance 
crystallising in clusters of very small, fine, (*urved needles w’ere obtained, 
M.p. 60-61°. This material w'as later combined wdth similar fractions obtained 
by the reduction of fraction 134. 

Fraction 134. Cholesterol w^as removed quantitatively from this material 
by digitonin leaving a brown oil; i.v. 86. 

It was reduced with hydrogen and palladium very readily, and yielded a 
white crystalline product melting at 45-50°. After twm recrystallisations from 
acetone it melted at 65-66°. 

Fractionation, of crystalline ynaterial from hardened fractions 132 and 134. 

As it appeared likely that the products of hydrogenation of fractions 132 
and 134 were very similar in composition they w^ere combined for a systematic 
fractionation from acetone. The less soluble fractions all with melting points 
above 59° were united and recrystallised from methyl alcohol. The melting 
point of the product wars 64-65°. 

Analysis. 0*0722 g. gave 0*1942 g. COg and 0*0812 g. HgO. 

Found: C, 73*35 %; H, 12*63 %. 

Calculated for C, 73*25 %; H, 12*79 %. 

The phenylurethane melted at 96-97*5°. This product appeared, there¬ 
fore, to be batyl alcohol. Heilbron and Owens [1928] give the melting 
point of the urethane as 98°. The fractions more soluble in acetone, with 
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melting points below 59"^, were combined and 2*75 g. were redistilled at 
0*06 mm. 


Fraction 

Wt. 


No. 


Temp. 

1 

05 

140^-155 

2 

0 05 

155-^101^ 

a 

0*55 

190“-20()^ 

4 Residue 

0-7 

— 


Each fraction was reerystallised from methyl alcohol. The melting points 
of the recrystallised materials were (1) (2) (3) 56*6°, (1) 57*5'\ 

Fractions 1 and 2 were analysed: 

( 1 ) 0-0768 g. gave 0*2190 g. COo and 0*0930 g. HoO. 

Found:", 77-76 0 /,; 11,13-45%. 

(2) 0*0762 g. gave 0*2157 g. COo and 0*0904 g. HgO. 

Found: C, 77*20 %; H, 13*18%. 

Calculated for octadecyl alcohol (CjgHg^O): C, 79*91; 1 % 14*17. 

Calculated for batyl alcohol (C 21 H 44 O 3 ): C, 73*25; H, 12*79. 

The phenylnrethanes were prepared, and melted at 71-73^. Heilbron and 
Owens [1928] give the melting point of the pheriylurethane of octadecyl 
alcohol as 77-78'^; Andre and Francis [1926] give 79- 80''. Attempts were made 
to purify the j)arent substances, but it was found to be a very difficult matter. 
The material isolated from thevse hardened fractions behaved very much like 
a mixture of batyl and octadecyl alcohols, when compared with mixtures of 
known composition of the two substances. Prof. Heilbron informs us that 
he has encountered the same difficulty m separating mixtures of the urethanes 
of these two substances. 

From these studies we concluded that the unsaponifiable matter from the 
liver oil of the CTeenland shark, consists to a large extent of cholesterol, 
batyl alcohol and unsaturated alcohols—probably selachyl and oleyl—which 
on reduction yield respectively batyl and octadecyl alcohols. 

D. Japanese shark-liver oil. 

Through the courtesy of Mr John Spencer of Aberdeen we were able to 
obtain a sample of commercial Japanese shark-liver oil of relatively high 
vitamin value. This oil contained approximately 5*5 % of imsaponitiable 
matter and gave a vitamin test of 0 * 2 . The unsaponifiable fraction was a 
clear pale yellow oily fluid, i.v. 78, and on standing a slight deposit of crystalline 
material separated. Small amounts of cholesterol were found. 100 g. of this 
unsaponifiable material were recrystalliscd from methyl alcohol and yielded 
34 g. of crystalline substance. The melting point of this product, after many 
recrystallisations from light petroleum and ether, rose to 62-62*5°. It crystal¬ 
lised in sheaves of needles from ether, in which it is not very soluble. It 
appeared to be identical with chimyl alcohol, described by Tovama 

[1924], M.p. 60*5-61*5°. 
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Ajialynis. (1) ()*0707 g. gave 0*1880 g. CO 2 and 0*0821 g. H 2 O. 

Found: C, 72*51 %;H, 12*9%, 

(2) 0*0653 g. gave 0*1725 g. COo and 0*0747 g. H^O. ♦ 

Found: C, 72*03 %; H, 12*71 
Calculated for C, 72*14 %; H, 12*66 %. 

Tlie ])lienylurethane crystallised in long needl(‘s from ethyl alcohol, 
M.p. 98 ^ 

Treat)Ne}it of rlnaiyl alcohol with hydriodic acid. In order to isolate and 
identify the fatty alcohol present in the chirnyl alcohol we reduced it with 
liydriodic acid in a micro-Zeisel apparatus so that w(^ were enabled to make 
an estimation of the gly(‘erol as ivoproj)yl iodide a-t the sanu' time. The 
reduction was carried out in the following manner. Ttu* rf'action flask 
was heated slowly to IKC and maintained at that tem])eratur{‘ for half an 
hour. The temperature was then gradually raised to 130^’ for a further 
30 mins., and finally to lT5-[50‘'^ for 10 mins, (hider these conditions 
W(‘ obtain(‘d yields of silver iodide (‘orres])onding to 23*19. 23*85 and 
23*15% glycerol. The tluMiretical value lor chirnyl alcohol is 29*12 
W(‘ have not succeeded in obtaining values nearer the iheondical thai) 
those given above, although w^e hav(‘. attempt(‘d to modify the conditions 
of the reaction so as to render smaller the likelihood of secondary reactions 
occurring. Parallel determinations on pure samples of batyl alcohol gav(‘ 
values of 21*5, 21*97 and 22*02 % as compared wuth llu' calculated figure of 
26*74 %. 

Afttn* the treatrmmt wdth hydriodic acid the contents of the flask in tln^ 
(*as(' of tli(^ experiments with chirnyl ah'ohol contained an oily layer, whereas 
in the case of batyl alcohol the layer solidifi(‘d to a soft wax. Tin' oily laycu* 
in the former case wxis extracted with ether, and washed wdth sodium bisulphiti' 
and wdlh sodium bicarbonate solutions. The crude iodide was recrystallised 
twi(‘e from acetone and melted at 23- 25°. This product ap])(*ared to be cetyl 
iodide, M.i’. 23° [Gascard, 1921]. Some of the iodide was converted into the 
corresponding alcohol by treatment with sodium acetate* and subsequent 
saponification. The cetyl alcohol after recrystallisation from acetone melted 
at 14-47°. 

Th esc observations stnve to confirm the constitution of a monoglyceryl 
ether of cetyl alcohol for chirnyl alcohol suggested by Ileilbron and Owens 
[1928] as a result of their studies, v/^hich revealed batyl alcohol to be 
an ('ther of octadecyl alcohol and glycerol. 

The fra(4ion of the unsaponifiable matter soluble in methyl alcohol de¬ 
posited on standing a considerable amount of additional crystalline material 
which was separated by centrifuging. Both solid and liquid fractions were 
treated with digitonin to remove a small amount of cholesterol. The liquid 
oil after this treatment possessed an iodine value of 103 and a vitamin value 
of 3*75. 
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35 g. of this oil were distilled at ()*04 mm., and the following fractions 
collected : 


Fraction 

No. 

Wt. 

Appearance 

Temp. 

I odine 
value 

20 

Uj, 

\5tamin 

value 

1 

1-7 

Yellow-brown liquid, 

120 -190 ' 

09 

1-4720 

3-3 

2 

2 -() 

Home cryHtalH 

190 -202 

84 

1-4702 

4-0 

3 

8-2 

Yellow Hcrni -solid mass 

202 205 

100 

1-4755 

3-3 

4 

7-9 

,, 

205' 20(. 

101 

1-4731 

1-4 

.3 

8-1 


200 - 208' 

101 

1-4725 

0 -() 

0 

4-2 

Yellow w'ax 

208 -210" 

103 

1-4725 

0-4 

7 

3-3 

Hai‘d yollow^ wax 

210 -220' 

107 

1-4709 

1-0 


As shown by the distillation curve D (Fig. 1) this material seems to be 
uniform, and the results of the examinaiion of the fractions confirm this view. 
The recovery of vitamin was nearly 50 % and in fraction 2 there was 
actually a sliglit concentration of the active substance. As regards the vita,min 
this was the most successful distillation we have had in the course of 5 V(‘ars’ 
work. Frac'tions 3 and 4 were reduced with hydrogeji in the presence of 
palladium at room t(un{.)erature, th(' absorption of hydrogen being very rapid. 
From both fradions a whitt^ crystalline material was isolated in quantitative 
yield. Even in the crude condition it a.ppeared to be fairly ])ure batyl alcohol, 
and on recrystallisation from t‘ther this substance was obtained readilv, 
M.r. 87 -69'’; phenvlurethane, m.p. 98*5 99". Tin* small amounts of material 
in th(‘ mother-li(]iiors from the purification of the batyl alcohol were soft 
waxt‘s wdth iodine values of about 74. Th(T contained batyl alcohol, but there 
was insufficient to isolate the other constituents. They did not give a colour 
reaction for vitamin A. Small trac(‘s of the hydrocarbon like squalene were 
detected in th(' distilled fractions, but it is doubtful whether they were suffi¬ 
cient to account for the iodine values of 102-107 on the assuni]>tion that the 
main constituent was selachyl alcohol (i.v, 79). 

The solid material that deposited on standing froin the methyl alc-ohob 
soluble fraction of the unsajHuiihable matter was also distilled at 0-01 mm. 
after removal of the c4iolest(‘rol by digitonin. It had an iodine value of 90 
and a vitamin valiu‘ of 3-1. The following fractions were collected: 


Fraetiun 

No. 

\Vt. 

Appearance 

Temp. 

Iodine 

value 

20 

nj, 

\5tamin 

valm- 

1 

09 

Yollow-browm Komi- 

90 -180^ 

01 

_ 

1-2 

2 

4-4 

solid wax 

180'-195" 

81 

1-4790 

1-9 

3 

9-4 


195" 204" 

87 

1-4788 

0-7 

4 

10-8 

Pale yellow- wax 

204 -208" 

90 

1-4778 

0-3 

5 

2-2 

Brown w^ax 

208--227" 

100 

1-4755 

0 -() 


The distillation curve is shown in curve E, Fig. 1 , and is very similar to 
that of the corresponding liquid fraction (curve /)). Tlui recovery of vitamin 
is not so good, 23 % as compared with 48 %, but in this case there was some 
preliminary manipulation which may slightly have damaged the product. 
The information regarding the fractions again suggests that mainly one sub¬ 
stance is present, and confirmation of this was obtained from the reduction 
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expt.Tiinerits which yielded almost quantitative amounts of batyl alcohol, 
M.p. 68-69^'; phenylurethane, m.p. 98-5°. 

It would seem, therefore, that the greater part of the fraction of the 
unsaponifiable matter soluble in methyl alcohol is selachyl alcohol. (Selachyl 
alcohol, P.p. (5 mm.) 236-239°, i.v. 79, 1*4691.) An analysis was made of 

fraction 4: 

(a) 0*0832 g. gave 0*2262 g. CO^ and 0*0925 g. HsO. 

Found: C, 74*14 %; H, 12*28 %. 

[h] 0*0806 g. gave 0*2192 g. CO 2 and 0*0893 g. H^O. 

Found: C, 74*16 %; H, 12*31 %. 

Calculated for C 21 H 40 O 3 : C, 73*69%; H, 12*28 %. 

Determinations of glycerol on the crude hydrogenated fractions (m.p. 
58-60°) gave 22*24 and 22*11 figures agreeing very well with those 
obtained on pure batyl alcohol. 



Only the fact that most of the fractions wwe more or less solid waxes 
was against their being almost wholly composed of selachyl alcohol. Pure 
selachyl alcohol freezes at about 5-10°, but it remains a liquid at temperatures 
at w^hich our fractions w^re solid. It is possible that the substance present 
in the material we were examining was an isomer of selachyl alcohol. We are 
investigating this matter further. 

Discussion. 

Viewed from the standpoint of the main object of the investigation, 
namely, to ascertain the chemical nature of vitamin A, the observations 
recorded in this paper are unimportant. They serve, however, to make it 
clear that the task of isolating this vitamin is one of even greater difficulty 
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than our previous experience had led us to believe. The results obtained in 
the study of the Japanese shark-liver oil are sufficient to show that the vitamin 
forms a very minute proportion of the total unsaponifiable matter. The 
original oil possessed a vitamin A value comparable with that of a very good 
cod-liver oil. From the unsaponifiable fraction were isolated, cither directly or 
after reduction with hydrogen, recognisable substances in reasonably pure 
condition in amounts accounting for 90 95 % of the total material. As far 
as could be ascertained the residue consisted to a large extent of these same 
substances in less pure condition. 

It is generally recognised that the separation of the components of mix¬ 
tures of fatty substances of low melting points is in all cases exceedingly 
difficult, and that it is well-nigh impossible if the desired substance represents 
a small proportion of the mixture. After removal of the cholesterol and 
chimyl alcohol from the unsaponifiable fraction of the Japanese shark-liver 
oil a residue was obtained which could be regarded as slightly impure selachyl 
alcohol. 

It distilled completely over a narrow range of temperature, and on treat¬ 
ment with hydrogen yielded almost quantitatively the corresponding saturated 
compound, batyl alcohol. We are forced, therefore, to conclude that the 
vitamin is present in amounts so small that its separation will not be attained 
by such methods as we have used, unless it he found that a characteristic 
derivative can be prepared which possesses properties suitable for its isolation. 

In illustration of this view there can be given the case of the hydrocarbon 
(squalene) that was found in some of the fractions. Fractions 4-0 of the 
distillation described on p. 287 appeared to consist almost entirely of selachyl 
alcohol, but possessed an iodine value (100-L03) which suggested that a small 
amount of an impurity with a much higher degree of unsaturation than that 
substance was also present. Owing to the fortunate fact that very small 
amounts of this hydrocarbon can be detected by the formation of the insoluble 
hydrochloride or bromide it was possible to demonstrate that some, if not all, 
of the excess of the iodine value of these fractions over that of selachyl alcohol 
could be accounted for in this manner. .Only 7 % of squalene would be re¬ 
quired to raise the iodine number of these fractions from 79 (selachyl alcohol) 
to the observed value of 100, and yet, were the separation of the bromide 
and hydrochloride not an easy matter, the detection, much more the isolation, 
of this constituent would be an exceedingly difficult task. 

The results reported in this paper throw no definite light on the chemical 
nature of vitamin A, nor do they provide reasonable grounds for speculation. 
So far only one indication has been obtained, and it is one that we think 
points the direction in which work might profitably be directed in the future. 
The colour reactions believed by many to be specific for vitamin A recall so 
strongly those given by certain types of sterol derivatives, that it is probable 
that more progress in elucidating the nature of the active substance will be 
made by studying the properties of sterols than by continuing to employ such 
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methods as we have used during the last ten years. It is encouraging to recall 
the brilliant success which has followed the studies of the sterols in relation 
to vitamin D, and to remember that the concentrated preparations of the 
antirachitic vitamin that are now available would probably never have been 
obtained by employing such methods as we have used in attempting the 
isolation of vitamin A. 


Summary. 

1 . Further attemj)ts have been made to separate by fractional distillation 
at pressures of about ()-01-2 mm. the vitamin A present in the unsaponifiable 
matter of certain liver oils. These efforts have not succeeded. 

2 . Th(‘ unsaponifiable fraction of cod-liver oil, after removal of the greater 
])art of the cholesterol, does not fractionate satisfactorily, but tends to de¬ 
compose with rather serious loss of the vitamin. 

‘b The constituents of the unsaponifiable fraction of cod-liver oil are not 
readily reduced by hydrogen in the presence of platinum or palladium 
catalysts, and little information regarding their nature' was obtained by this 
line of attack. It was also found impracticable to ('fleet their separation by 
the preparation of phthalates or substitiit(*d phthalates. 

4. The unsaponifiable fraction from sheep-liver fat also decompost'd (*on- 
siderably on distillation in a high vacuum. Part of this d(H‘omposition, which 
involves the vitamin, is due to the presence of the highly unsaturated hydro¬ 
carbon, resembling in some respects squalene, discovered by Ohaniion and 
Marrian in mammalian livers. Considerable amounts of this substance were 
separated from the vitamin fractions. 

5. The sheep-liver fractions were as resistant to hydrogenation as those 
from cod-liver oil. 

6 . The unsaponifiable fractions of Greenland shark-liver oil and Japanese 
shark-liver oil consist largely, as the studies of Tsujimoto and Toyama have 
indicated, of selachyl, batyl, chimyl and oleyl alcohols. 

7. The distillation of the unsaponifiable fractions from these oils is accom¬ 
panied by comparatively little destruction of the vitamin, owing, it is thought, 
to the small })roportion, or absence, of the complex alcohols and hydrocarbons 
of the terpene series. 

8 . A sample of Japanese shark-liver oil possessing a vitamin activity of the 
same order as a good cod-liver oil yielded an unsaponifiable fraction of which 
90 -95 % was accounted for in the form of reasonably pure preparations of 
the alcohols mention(‘d in 6, together with small amounts of cholesterol and 
a hydrocarbon resembling squalene. The remainder appeared to consist to a 
large extent of the same substances. This would indicate that the vitamin A 
forms a very small proportion of the unsaponifiable matter, probably less 
than 1 %, and supports the view expressed formerly by us that the ‘'bio^ 
sterin” of Takahashi and his colleagues is an extremely crude preparation of 
the active substance. 
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9. The structure suggested by Heilbron and Owens [1928] for chimyl 
alcohol, namely, that of a monoglyceryl ether of cetyl alcohol, has been con¬ 
firmed by using methods similar to those employed by them in determining 
the constitution of the related batyl alcohol. 

We are greatly indebted to the Medical Research Council for a series of 
grants during the ])ast few years that have defrayed the cost of this investi¬ 
gation. 
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Introduction. 


It has been shown by Quastel and Wooldridge [1928] that in the case of the 
dehydrogenating enzymes of the bacterial cell, the question of accessibility 
to the active centres is closely bound up with the molecular constitution of 
the substance under consideration. 

It was suggested by Dr Quastel that it would be instructive to investigate 
a so-called soluble enzyme, i.e. one presumably not capable of being con¬ 
sidered part of a cellular interface, and to find whether any substances 
possessing a particular molecular structure, and other than the natural sub¬ 
strates, are adsorbed at its surface, using the same general criterion, viz. 
that, if the substance is adsorbed, it will compete with the substrate for the 
available surface and diminish the velocity of the normal reaction. 

It followed from the active centre hypothesis that a number of substances 
characterised by the possession of a particular type of structure should be 
adsorbed by (or capable of combining with) each enzyme or centre; but out 
of these substances only a certain number can be activated to undergo the 
chemical reaction. Substances which are adsorbed but not activated will 


compete for the active centre with those which are activated and hence bring 
about a diminution in the velocity of reaction of the latter. The facts found 
with the dehydrogenating enzymes supported these conclusions, but it was 
desirable to determine whether a study of a hydrol3dic enzyme would also 
give confirmatory results. The investigation to be described therefore was 
primarily taken up to examine the active centre hypothesis from a study of 
hydrolytic enzymes. 


The lipases wore selected for study as they are not specific to anything 
like the same degree as the carbohydrases, and it should therefore be expected 
that a larger number of compounds would be accessible. Nevertheless in this 
connection Armstrong [1904] showed that for the sugar-splitting enzymes 
substances could be found which, though not attacked bv the enzyme in¬ 
hibited Its ^ tlius «-niethylgaIactoside, which is unattacked 

by lactase, inhibits the hydrolysis of lactose by that enzyme. The peptidases 
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also show specificity only of a limited degree, but lipases possess the advantage 
that the substrates are much more readily obtained in a state of purity. 

Method and apparatus. 

The aim of the experiments l)eing to observe the eSects of added sub¬ 
stances on the velocity of hydrolysis, and not in any way on the total amount 
hydrolysed either up to an equilibrium or in any given time, all such methods 
of measurement as incubation for a standard time were unsuitable, and it 
was necessary to find a method l)y which the actual velocity at any moment 
could be readily calculated. 

For this purpose the gasometric method was considered the most suitable. 
The principle of this method, in which the extent and velocity of liberation 
of acid in a system is measured by observing the output of carbon dioxide 
from a carbonic acid-bicarbonate buffer, is due to Warburg [1923J, who em¬ 
ployed it in the investigation of lactic acid formation in tissues. It was first 
applied to the study of lipases by Rona and Lasnitzki [1924], who used a 
micro-method carried out in ordinary Barcroft manometers. Both cups con¬ 
tained Ringer’s solution containing bicarbonate, and the air was displaced by 
a gas mixture containing a fixed percentage of carbon dioxide. Enzyme, in 
their case diluted serum or tissue slices, was added to each cup and substrate 
to only one. By this means the time-course of the hydrolysis could be accu¬ 
rately follow^ed. 

For the present work the apparatus used by Dann and Quastel [1928] for 
the study of the rate of carbon dioxide production in fermentation was 
em])loyed. By means of this apparatus, velocities of carbon dioxide output 
uj) to 1 cc. in 30 or 40 seconds can be measured with reasonable accuracy. 

The chief advantage of this method, in addition to the fact that the 
actual velocity can be follow^ed, is that the hydrogen ion concentration is 
automatically ke])t constant, as free acid is never able to accumulate in the 
system under the experimental conditions. The hydrogen ion concentration 

of a system carbonic acid-bicarbonate is given by [H]+ == K or ap¬ 
proximately by K or K , where K is the first dissociation 

constant of carbonic acid. If the concentration of the salt initially is 
sufficiently great, the amount decomposed makes a negligible difference, 
and the numerator term remains the same also to a first approximation 
so long as the partial pressure of the carbon dioxide remains constant. 
Since an actual halving of the concentration of salt, leading to a doubling of 
the actual hydrogen ion concentration, would only increase the p^ by 0-3, 
which would not materially affect the activity of the enzyme over the range 
employed, it will be seen that the error from this source is small. The largest 
error is found to be that due to irregularity in the speed of the stirring 
mechanism. The speed of the stirrer must be maintained at a value high 
enough to make the water surface a steep funnel, otherwise the liquid tends 
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to become supersaturated with carbon dioxide. In such circumstances not 
only is the rate of evolution of gas not constant, but also the mean rate is 
not comparable with the normal, since the ionic equilibrium controlling the 

is disturbed. 

The actual value of the could be deduced from the equation, but is 
more conveniently found by experimental determination. To obtain any 
desired value for this quantity either the numerator or the denominator may 
be varied. Under the technique of Rona and Lasnitzki referred to, the 
Pij was adjusted by varying the percentage of CCU in the gas mixture filling 
the apparatus. The amount of extra liberated in th(‘ ex])eriment was of 
the order of 5 to 10 micro-mols only and did not affect, the concentration. 
In the method here described, however, large volumes of liberated (X)^ are 
dealt with, and successive amounts of 5 cc. are, after measurement, expelled 
from the apparatus. A gas mixture is therefore im})ossible, and the whole air 
in the apparatus must always be displaced by CO 2 ladore the start of the 
experiment. For this reason the bicarbonate concentration had also to be 
much greater in order to obtain a p^^ of the older of 7. in fact th(‘ concen¬ 
tration required was about Mil. This concentration how('ver was found 
to have no deleterious effect on the enzyme. 

Preparation) of the enzyme. 

Nearly all the experiments were carried out with })ancreatic li[iase of the 
pig. A dry pre|)aration of pig's ])ancreas, Iree from fat, was pre{)ared by 
drying with acetone and ether after the proc(Hlur(^ of W illstatttu* and Wahl- 
schmidt-ljeitz [1923J. The dry preparation appears to keep indefinit(4y if 
stored in the ice-ehest. Aqueous extracts wen* made as desir(Hl, employing 
10 cc. distill(‘d water for each gram and shaking intermiltently for 1) to 4 hours 
at room ternjierature and centrifuging. Such extracts can be kept for a wet*k 
without toluene if regularly replaced in the ice-chest aftf'r use; and under 
such treatment their activity, after falling during the lirst 12 hours, remains 
constant for about 5 days. Subsequently the activity rapidly falls off, but 
samj)les in this stage were always disiairded. 

Experimental procedure and types of result. 

The contents of the reaction vessel, which held about 70 cc., were made 
up of 40 cc. Mji sodium bicarbonate solution, 25 cc. distilled water and 5 cc. 
of the solution containing the enzyme. The bicarbonate solution was usually 
saturated with wnished CO 2 from a cylinder, but in any case the whole mixed 
contents were saturated with the gas during the replacement of the air in 
the apparatus by CXtg, the gas passing through the liquid from the outlet 
tap at the bottom. The substrate, generally 1 cc., was added last, the taps 
being then closed to leave the capillary leading to the burettes the only outlet 
for gas, and the apparatus placed in the bath, the water in which had been 
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already adjusted to the correct temperature, and the stirrer started. The 
bath was maintained at a temperature of 30°. 

The a}>paratus was left for 5 minutes or more to attain equilibrium, the 
approximate time being known from experiments in which the substrate was 
not added until y)ressure equilibrium was obtained. In any case readings 
were discarded befon^ the point at which a constant velocity of gas evolution 
was first observed. 

It was found that linear curves for the hydrolysis could be obtained over 
considerable yjeriods with this technique. The actual extent was found to 
vary markedly from substrate to substrate. The most satisfactory results 
were obtained when using ethyl butyTate as substrate, the linear course being 
followed up to 40 or 50% hydrolysis. The phenomenon is probably attri¬ 
butable to the f)ro})erties of tin* ynoducts of hydrolysis, the alcohols more 
particularly than the fatty acid salts. Thus, while ethyl butyrate and other 



Fiy. 1. 

X < X y Tria(etin. ® 0 ® Ethyl butyrate. 

ethyl esters maintain a linear course up to 50 % hydrolysis as stated, gly¬ 
cerides give a much shorter period and butyl and amyl esters fail to maintain 
a linear course at all. In correlation with this, butyl and amyl alcohols cause 
the greatest inhibition when added to the system, although the observed 
difference between glycerol and ('thyl alcohol is not very noti(‘eable. Fig. 1 
shows the different course followed by the hyflrolyses of ethyl butyrate and 
of triacetin. It will be observed that in the latter case the linear course does 
not persist longer than 10 minutes, while no deviation is to be noticaxl at all 
in the case of the ethyl butyrate. 

Rona and Lasnitzki also state that the linear course of hydrolysis of 
tributyrin in their micro-tec^hnique persisted only up to the liberation of 
2'5 micro-mols of butyric acid or about 7*5 % hydrolysis. That this is not 
due to the products of partial hydrolysis, dibutyrin and monobutyrin, having 
a greater affinity for the enzyme than the tributyrin itself, is easily shown. 
Although the velocity of hydrolysis of these compounds by pancreatic lipase 
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is much smaller than the velocity of hydrolysis of tributyrin, their addition 
to a system of tributyrin and enzyme does not cause a fall in the velocity. 
This was shown by Terroine [1910] and was confirmed by the writer for 
triacetin and monoacetin. 

Hydrolysis of mixtures of substrates. 

The above case is merely a general example of the study of mixtures of 
substrates. Where such mixtures were used in these experiments, it was found 
in nearly all cases that the velocity of hydrolysis was equal to the velocity 
of hydrolysis of the more rapidly hydrolysed constituent taken singly. Thus 
the addition of ethyl butyrate to the apparatus while triacetin was being 
hydrolysed led to no alteration in the velocity of gas evolution, but triacetin 
added to the system hydrolysing ethyl butyrate increased the velocity to 
that observed with triacetin alone. The following tigures represent parts of a 
pair of such experiments: 

A. Triacetin added to ethyl butyrate. 


1 (-()., in 

]' 25" 

1' 26" r 32" 

♦ 

66" 

59" 

57" 

59" 

2CC. 

2' 55" 

3' 0" :r 7" 

* 

r 54" 

r 59" 

i' 55" 

r 57" 

..i OC. 1, 

4' 25" 

4' S7" 4' 48" 

* 

2' 53" 

2' 58" 

2' 49" 

2' 57" 

4 00. „ 

5' 57" 

6' 17" 6' 24" 

* 

3' 46" 

3' 55" 

3' 46'" 

3' 56" 

Ethyl butyrate* added to triacetin. 






1 cc. 00., in 

38'' 

30" 38" 

* 

39" 

38" 

39" 


2 CO. 

r 15" 

r 12" r 17" 

♦ 

r 17" 

r 16" 

r 17" 


3 CO. ,, 

r 55" 

r 49" 1' 56" 

* 

1' 54" 

r 55" 

r 54" 


4 OC. ,, 

2' 32^ 

2'27" 2'35" 

♦ 

2' 32" 

2' 34" 

2' 30" 



* repreaenta point of addition. 

It is known however from the results of other Avorkers that this pheno¬ 
menon is not an unalterable rule. Thus Willstatter, Kuhn, Lind and Mernmen 
[1927], investigating the so-called latent period in the hydrolysis of ethyl 
mandelate by liver esterase, found that it was due to the presence of traces 
of ethyl phenylglyoxylate, the ester of the corresponding keto-acid, which 
they concluded was adsorbed much more strongly than the mandelate but 
hydrolysed more slowly. This compound is however an ester of a keto-acid, 
and the results' to be described suggest that another phenomenon may be 
involved here. 

It is now recognised that the velocity of hydrolysis of an ester by lipase 
is the result of two factors, the affinity of the enzyme for the substrate (re¬ 
presented by the Michaelis constant), and the velocity of decomposition of 
the enzyme-substrate complex. There is no reason to suppose that the relation 
between these should be the same for all substrates, and indeed it is not. 
Thus, of several pairs of optical isomers, that one which separately is less 
rapidly hydrolysed is found to be preferentially attacked in the optically 
inactive form. This phenomenon has been particularly studied by Willstatter, 
Kuhn and Bamann [1928] and by Rona and Itolsohn-Schechter [1928]. 

The point to be stressed is that in no case is the velocity of hydrolysis of 
a mixture of substrates greater than that of either separately, that is to say, 
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there is no evidence that there is more than one enzyme concerned in the 
hydrolysis of all substrates. 

Effect on the vELoerry of uyDROLYsis op compounds chemically 

UNRELATED TO THE REACTANTS. 

The midn object of this work was, however, to investigate whether com¬ 
pounds quite other than any possible reactants, i,e. neither esters, acids, nor 
alcohols, could influence the rate of hydrolysis ‘by occupying part of the 
active surface of the enzyme. 

Since the grouping common to all esters is —CO. 0—, it is reasonable to 
consider that attachment of the ester to the active centre is achieved by 
some part of this grouj), either the ciarbonyl group or the ethereal oxygen 
ato]n. Ketones and ethers were therefore the first types of compounds 
in vestigated. 

Effect of hiones. 

The first ketone tried was acetone, but the inhibition in this case is very 
small. Increasing the length or weight of one of the chains, however, causes 
a great increase in the inhibiting powers. Thus methyl pro})yl ketone gives 
the following figures (see also Fig. 2): 


SuhMratc: tihyl 1 rr. Substrate avd nihibitor present as emulswn. 


1 cc. ( 

^>2 in 5(U 

55" 

53" 

56" 

♦ 

r 45" 

r 32" 

r 51" 

V 45" 

y 53" 

r 44" 

2 c c. 

„ y 53" 

y 55" 

y 53" 

r 53" 

♦ 

3' 42" 

3' 23" 

3' 42" 

3' 31" 

3' 44" 

3' 40" 

3cc. 

„ 2' 53" 

2' 56^ 

2' 54" 

2' 51" 

♦ 

5' 33" 

5' 28" 

5' 36" 

5' 22" 

5' 35" 

5^ 39" 

4 cc. 

„ 3' 44" 

3' 48" 

3' 54" 

3' 46" 

♦ 

r 7" 

1' 17" 

1' 25" 

7, 3., 

1' 16" 

r 24" 


* 1 cc. substance added. 


It is to be noted that all ketones give a true equilibrium with the substrate, 
and a linear course of hydrolysis in the mixture. 

Acetophenone (methyl phenyl ketone) gives even greater inhibitions, thus, 
as seen from the following table, 0*1 cc. added to the normal quantity of 
reagents in the apparatus gives an inhibition of 33 %. (Inhibitions are ex¬ 
pressed, after Kona, by the value x 100 %, where Vq — initial, V — final 

velocity.) 

Substrate: ethyl butyrate, 1 cc. Substrate and inhibitor present as e 7 nulsion. 


1 cc. 00 2 in 

36" 

34" 

35" 

♦ 

51" 

47" 

51" 

52" 

2 cc, „ 

y 10" 

r 8" 

r 10" 


r 46" 

y 41" 

y 45" 

r 44" 

3 cc. ,, 

r 47" 

r 46" 

r 47" 

« 

r 39" 

2^ 35" 

2' 40" 

2' 35" 

4 cc. „ 

2' 24" 

2' 23" 

2' 22" 


3' 34" 

3' 28" 

3' 37" 

:v 27" 

0 CO. ,, 

2' 59" 

3' 0" 

2' 57" 

♦ 

4' 28" 

4^ 24" 

4' 40" 

4' 24" 


* O’l oc. acetophenone added. 


Qumiiitative relationships. Competitive adsorpiion. 

The inhibitions obtained with acetophenone were so large that this sub¬ 
stance was selected in order to work out the quantitative relationship. As 
stated above all the substances produce a stationary state or point of equili¬ 
brium, the velocity attaining and remaining at a constant value. The actual 
velocity depends on the relative concentrations of the two substances. 
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If the inhibitor acts in the way postulated, viz. is adsorbed by the enzyme 
in exactly the same way as is the substrate, then the inhibitor and substrate 
will compete for the available surface of enzyme. The following reasoning can 
then be aj)plied. 

At concentrations of the two substances greater than the saturation con¬ 
centration (which can be experimentally found for the substrate and is known 
to be much lower than the experimental value), if and be the concen- 



Time (mins.) 

Fig. 2. Fifect of methyl propyl ketone on hydrolysis of ethvl hut\rate. 

trations oi the substrate S and inhibitor I respectively, and and their 
respective affinity constants, then ^ represents the fraction ol the 

enzyme remaining active for purposes of hydrolysis. The velocity is dir(‘ctly 
proportional to this, so that V/Vq is equal to this fraction. Tint the inhibition 
is defined 

~ J- - ] _*L 

If for Cg/ty is written >?, which is thus the number of mols of I ]>(*r mol of >S\ 
and K for we have h Ry means K represents th(‘ value 

ot n when the inhibition is 50 %. 

Experimental values of ft were found for several different relative concen¬ 
trations of substrate and inhibitor and plotted. A theoretical curvu" was 
drawn for a value of K approximating to the mean of the values obtained. 
Fig. 3 shows the extent of agreement between the theoretical and observed 
values. 

It was possible to obtain several points in a single experiment. Vq was 
determined and a certain amount, 0*1 cc. in most experiments, of aceto¬ 
phenone then added through the top tap. When this V w^as satisfactorily 
obtained, that is when the velocity of gas evolution had become constant, a 
further quantity of the inhibitor or a further quantity of substrate could be 
added in the same way, and further points obtained. When additional sub¬ 
strate was given to the system containing a certain quantity of inhibitor a 
rise in the velocity was obtained. This in itself was sufficient to show that the 
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inhibitor did not act through any deleterious effect on the enzyme, but merely 
as a competitor with the substrate. 

The extent of inhibition was moreover shown by experiment to be inde¬ 
pendent of the amount of enzyme present, but a function exclusively of the 
quantity here designated as n, that is the ratio of the concentrations of 
inhibitor aiul substrate. The two experiments quoted demonstrate this, the 
initial velocities which are proportional to the enzyme concentrations being 
ap})roximate]y 2 to 3: 

Substrate: ethyl butyrate. 



A. 





46" 

* 50" 




1 cc. CO 

, in 51"" 

51" 

* r s" 

* r 

30" 

♦ y 41- 

a, "c 







* 2' 

15" 

* 2' 37" 

3 £ 



- cc. ,, 

r 43" 

1' 43" 

* 2' 17" 

* :r 

2" 

* ;r 36" 








* :v 

49" 

* 4^ 34" 




3 cc. ,, 

2" 36" 

2' 35" 

♦ :v 28 " 

* 4' 

37" 

* 5' 35" 

-2 &C. 







* rv 

24" 

* 6' 31" 

t H 11 



4 cc. „ 

3' 31" 

3' 24" 

* 4'41" 

* ey 

14" 

* 7' 29" 

O ► 







* 6' 

58" 

* 8' 25" 




5 cc. ,, 

4' 25" 

4' 15" 

* 5' 53" 

* 1' 

43" 

* 9' 23" 





Inhibitions 

- -(i) 25 

%; (11)43 

(hi) 

55 

()' 

c * 










35" ♦ 

50" 


1 c< 

CO, in 33" 

33" * 

40" 

42" * 

53" 

♦ 

I'll" * 

[' 39" 

OJ S 







* 

V 45" * 

2' 31" 



„ r ()" 

r 0 " * 

r 22" 

V 26" * 

r 50" 

* 

2^ 21" * 

3' 22" 








★ 

2' 57" * 

4' 15" 


a c( 

*. „ r 40" 

0 40" * 

v>' 4)'' 

4)' ()" * 

2' 4(y 

* 

3' 33" * 

5' 8" 








★ 

4' 9" * 

vy 2 " 


4 rt 

■. „ 2 ' ir 

2' 12" * 

2' 46" 

2' 54" 

3' 44" 


4' 45" * 

6' 57" 

0 r 








5' ur ♦ 

r 51" 


5 C( 

„ 2' 4(r 

2' 46" * 

3' 30" 

:r 35" * 

4' 42" 


5' 56" * 

8' 47" 



Inhibitions -(i) 22*^^; (ii)40'*o; (iii) r>3 

(iv) 70 




In the above two (‘xperiments the amount of ethyl butyrate at the com- 
nKuicement was l*b cc., and cc. acetophenone was added at each *. 

(The value of n is of course slowdy changing throughout the exf>erlment. 
as the concentration of substrate slowly diminishes while that of the inhibitor 
remains unaltered. The amount of substrate at any time is estimated from a 
knowledge of the rate of hydrolysis, i.e. of ViK output, and the tinu' sinc(^ 
the start of the experiment.) 

Fig. 3 is drawn up from the following 22 sets of measurements, whicli in 
turn cover 8 separate experiments: 


n i 71, 


0 

('2 

(^. mol) 

h 

A' 


*"2 

(g. mol) 

h 

A 

0(K)674 

0-(X)085 

0-127 

0-33 

0-257 

0-(M)674 

0-00085 

0-122 

0-25 

0-365 

04KKj74 

0-(XK)85 

0-127 

0-32 

0-268 

t»-(K)673 

0-00171 

0-254 

0-52 

0-2.33 

0-01030 

0-(MK)85 

0-083 

0-22 

0-296 

0-(X>673 

0-rH)256 

0-362 

0-69 

0-162 

0-00701 

0-0(M)85 

0-122 

0-41 

0-174 

0-00986 

0-rK)25t) 

0-260 

0-49 

0-270 

0-01080 

000085 

0-079 

0-33 

0-182 

0-01030 

0-00085 

0-083 

0-25 

0-250 

0-00674 

0-(KK)85 

0-127 

0-32 

0-268 I 

i 0-00994 

0-00171 

0-172 

0-43 

0-228 

0-(M)606 

0-00171 

0-282 

0-61 

0-181 1 

0-(K)986 

0-(K)256 

0-260 

0-55 

0-213 

0-00945 

0-(KU71 

0-181 

0-415 

0-254 

0-01030 

0-(X)085 

0-083 

0-22 

0-283 

0-00701 

0-00085 

0-122 

0-39 

0-190 

0-(K)994 

0-00171 

0-172 

0-40 

0-258 

0-00631 

0-00171 

0-271 

0-65 

0-144 

0-(K)986 

0-00256 

0-260 

0-53 

0-232 

0-01012 

0-(X)171 

0-169 

0-44 

0-215 

0-00945 

0-00342 

0-362 

0-70 

0156 


When the difficulty of accurately adding 0*1 cc. of a substance (which 
cannot be added in dissolved form) through the long side-tube projecting 
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above the water level in the bath and possessing a bend, is borne in mind, 
it will be appreciated that the extent of deviation observed is not more than 
the limit of experimental error. 

The amounts ol both acetophenone and ethyl butyrate used in the ex¬ 
periments exceed the solubility limits of the substances in water, and they 
are present in the system as an emulsion. The high speed of rotation of the 
stirrer however ensures that the emulsion is very fine and has the same 
composition all through except perhaps in the constriction leading to the 
exit tap. furthermore the two substances are soluble in one another, so that 
the enzyme is presented with a uniform mixture of the two. The high speed 



71— Relative concentration inliibitor/substralc 
Rig. 3. Competitive adsorption between ethyl butyrate and acetophenone. 

[The curve is the thconetical for K := 0 23]. 

of stirring ensures that mechanical access to the enzyme should not lie de¬ 
pendent in any way on diffusion or any other factor of that nature. In con¬ 
ditions where that was the case these phenomena might well fail to be observed. 
The effect does not appear to be dependent on the amounts of the substances 
dissolved in the aqueous phase, for if that were so, increase of the concen¬ 
tration of either component above the aqueous solubility level would have 
no further effect on the velocity of hydrolysis, which is not the case. This 
must be especially emphasised, since a possible criticism of these results might 
be that effects attributed to chemical structure of substances were in reality 
merely due to greater or les® solubility. 

Comparison of competitive adsorption with effect of fluoride. 

It is interesting at once to contrast this type of inhibition, which we have 
termed competitive adsorption,’* with a quite different type, namely that 
brought about by fluoride. On chemical grounds it would not be expected 
that fluoride would be likely to compete with the substrate, and quantitative 
experiments show that the behaviour of this substance is in fact quite 
different. 
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Thus the experiment cited in the accompanying table shows that after 
addition of fluoride with resulting fall of the velocity to a new constant levc^l, 
a further addition of substrate will not raise the level again as with com¬ 
petitive adsorption types. The inhibition is thus not dependent on the 
relative concentration of inhibitor to substrate at all. But it is dependent on 
the relative concentration of inhibitor to enzyme. Whereas in cases of com¬ 
petitive adsorption the enzyme concentration does not affect the value of 
the ]>ercentage inhibition, in this case, the less enzyme the more is the per¬ 
centage inhibition caused by a given quantity of fluoride. Fluoride in fact 
behaves as if it formed a compound with the enzyme itself, which no amount 
of substrate will reverse. Yet this compound is not irreversible since Loeven- 
hart and Peirce [1906] showed that after dialysis a completely inactivated 
sample regains its activity, and quantitative relationships confirm this. No 
exact quantitative experiments were included in this series, but it was shown 
that if X, say, was the amount of fluoride required to give 50 % inhibition, 
?.c. to inactivate half of the enzyme, then 2x would not suffice to inactivate 
the whole, as it would wTre the combination irreversible. 

Pancreatic lipase is very sensitive to M/4i) fluoride (1 in 1000), this 
concentration giving an inhibition of nearly 90 % wdth the amount of enzyme 
employed in these experiments, w^hile iI//40 chloride w^ould have no appre- 
(tahle effect. One part of fluoride in 7000 gives an inhibition of 25 % in these 
conditions. 


iShoiving non-competiUvc inhibition of fluorcde. 


1 cc. OO 2 ill 

46" 

45" 

♦ 

57" 


59" 

t 

r 1 " 

r 1 " 

2 cc. „ 

r 3 (r 

r 31" 


r 57" 

r 

58" 

t 

2' 7" 

2' 1 " 

8 cr. „ 

2 ' 16" 

2 ' 13" 

* 

2' 58" 

2 ' 

59" 

t 

3' 10 " 

3' 2" 

4 cc. „ 

;r 2 " 

2' 57" 

* 

4' 0" 

4' 

3" 

t 

4' 11" 

4 ' 2 " 

0 cc. „ 

3' 50" 

3' 42" 

* 

5^ 1 " 

5' 

6 " 

t 

5' 14" 

5' 0 " 


* 1 cc. 1 sodium fluoride solution added, 
t 0'5 cc. ethyl butyrate added. 

Effect of other molecular structures. 

The experiments with acetophenone, and worked out to a less extent 
with other ketones, e.g, methyl propyl ketone, lead to the conclusion that 
ketones are adsorbed by the active centres of lipase, and compete wdth the 
normal substrates for the surface of the centres. It was next necessary to 
investigate to what extent other compounds exerted an influence on the 
velocity. 

Effect of ethers. 

As stated before, the possibility exists that the esters could be adsorbed 
partially by the ethereal oxygen atom, and ethers would then act as in¬ 
hibitors, Anisole (methyl phenyl ether), was particularly tried since the groups 
flanking the oxygen are the same as those present in acetophenone. It was 
found, as the table shows, that in comparison with the effect of the latter, the 
inhibition given by anisole is very feeble: 
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ShcfU'ing the effect of anisole on hydrolysis of ethyl butyrate^ ] rr. Substrate and 
inhibitor present as emulsion. 


J cc. rC)2 in 


33" 

30" 

♦ 

40" 

35" 

41" 

2 cc. „ 

J' r/' 

r r 

1' 2" 

•)« 

r 19" 

r 10 " 

r 20 " 

2 cc. 

1 ' \\r 

r 40" 

1' 3.r 

★ 

r r>7" 

r 46" 

r 57" 

4 cc. 

2' 8" 

2' 12" 

2' 7" 

♦ 

2' 36" 

2' 21" 

2' 33" 

5 cc. 

2' 39'' 

2' 48" 

2' 41" 

♦ 

3' 1.3" 

3' ^1" 

3' 9" 


* 01 cc. aniwolc aildcd here. 
Inhibition h — — 1 - p - 1 - -- l.‘J . 


A similar volume of acetophenone gives an inhibition of 33 %. 

Some eo7itrols. HydrocarhoDR. 

As experiments showed that a wide variety of compounds had some small 
amount of inhibitory power, as indeed is not unex])ected, it was thought 
d(‘sirable to make a fairly wide survey, particularly including aromatic de¬ 
rivatives, since these in general gave greater inhibitions. It is to be expected 
that hydrocarbons, having very inert molecules and no polar grou])s (besides 
being insoluble) would exert no action at idl. Pentane and hexane among 
ali})hatic, benzene, toluene, ethylbenzene and cyclohexane among cyclic hydro¬ 
carbons, were investigated. Pentane, hexane and benzene had no final effect 
whatever, an immediate rise in the velocity of gas evolution lasting a few 
minutes being followed by a permanent return to the original level. As nundi 
as 1 cc. of benzene in 70 cc. reacting fluid has been used with no effect. 
Toluene and ethylbenzene act as very weak inhibitors: no reason is known 
for this ])henomenon. Very frequently, but not always, if more than 0-1 cc. 
were used, no steady state set in, but a gradual diminution of velocity was 
observed. Cyclohexane was unique in producing a permanent activation. 
The cause was not discovered, but presumably must be physical rather than 
chemical in nature. Presence of the substance did not affect the power of 
other substances to inhibit, e.g. acetophenone was able to bring about its 
usual inhibition substituting the new value for Fq. The activation was equally 
marked in the case of completely soluble substrates such as triacetin, so that 
the effect, whatever it may be, appears to be on the enzyme itself. 

Some soluble aromatic derivatives. 

More soluble benzene derivatives were tried, e.g. phenol and aniline. 0-1 g. 
phenol in the total content gives an inhibition of 15 %, whereas 0-1 g. aceto¬ 
phenone gives over 30 % inhibition, in spite of the fact that phenol is con¬ 
siderably more soluble. This again points against the criticism that the effect 
is merely one of relative solubility. Aniline, which is fairly soluble, gives a 
very weak inhibition. Two experiments, each using 0-1 g. of this substance, 
have given inhibitions of 5*5 % and 6*5 % respectively. This highly polar 
substance therefore does not seem to be very actively adsorbed by the 
enzyme. 

The following two tables give the experiments the results of which have 



MOLECULAR CONSTITUTION AND ENZYMES 


303 


been quoted. The substance was suspended in bicarbonate solution, and added 
at the points marked *: 

Substrate: ethyl buti/raft. 

A. Effect of 01 g. phenol. 


1 cc. COo in 40" 


36" 

35" 

♦ 


48" 


49" 

41" 



2 cc. r 20" 

r 

12" 

r 10" 

♦ 

r 

27" 

r 

33" 

1' 25" 



3 cc. „ 1' 58" 

r 

49" 

1' 47" 

>K 

2' 

5" 

2' 

20" 

2' 8" 



4 cc. „ 2' 35" 

2' 

26" 

2' 23" 

* 

2' 

47" 

:r 

2" 

2' 52" 



r>cc. :rii" 

3' 

3" 

3' 3" 

♦ 

3' 

33" 

3' 

46" 

3' 30" 





Inhibition 

- 

15 » 

0 ' 






Effect of 0 i g. aniline 











1 c c. CO 2 in 35" 


32" 

30" 

* 


34" 


32" 

34" 


33 

2cc. ,, r 7" 

r 

3" 

r 0" 

* 

V 

5" 

r 

4" 

r 0" 

]' 

5 

3 ('c. „ V 30" 

r 

33" 

r 29" 

* 

r 

37" 

r 

30" 

r 40" 

r 

39' 

4 cc. ,, 2' 5" 

2' 

5" 

r 59" 

ik 

2' 

8" 

2' 

9" 

2' i;r 

2' 

11' 

5 cc. ” 2' 30" 

2' 

36" 

2' 30" 

4t 

2' 

44" 

2' 

40" 

2' 48" 

2' 

43' 


Inhibition 


Effect of j)hnnjlmcthylc(irbi/ioL 

Further ex])eriments designed to show that the very powerful inhibitory 
a(‘tiou of a('etophenone is due to its carbonyl group consisted in investigating 
derivatives in which this group wais no longer jireseiit. The first compound 
investigated was phenylmethylcarbinol. Since alcohols are reactants in the 
general lipase system, this substance might be ex])ected to be adsorbable by 
the lij)ase. and the results are in agreement with this supposition. Od g. of 
this substance gives an inhibition of 25 when the ethyl butyrate present 
is 1 cc. (0-88 g,), or about three-fourths of the inhibition given by aceto¬ 
phenone. When quantitativelv wmrked out, the inhibition given by this 
substance was found to conform to the competitive adsorption type, the 
gram-molecular affinity relative to ethyl butyrate being about 2*5-3 for this 
('ompouiid as against about 4—5 for acetophenone. (These figures represent 
l//v for the substances.) This shows that the alcohol does not giv^e rise to 
any appreciable back action although being powerfully adsorbed. The case 
is analogous to the effect of glucose and fructose on the hydrolysis of cane- 
sugar by invertase. They occuj)y the surface of the enzyme. 

The following table represents a typical result with this substan(*e: 


Effect of phcnylmdhylcarbmol on hydrolysis of ethyl butyrate, 1 cr. Substrate and 
inhibitor present ay emvlsion. 


1 cc. (Xij in 


42" 

41" 

★ 

52" 

53" 

54" 


r 

12" 

1' 

11" 

2 cc. „ 

r 

22" 

E 22" 

♦ 

V 48" 

r 48" 

r 50" 

♦ 

2' 

31" 

2' 

28" 

3 cc. „ 

2' 

5" 

2' " 4 " 

* 

2' 44" 

2' 44" 

2' 40" 

♦ 

y 

48" 

3' 

49" 

4 cc. ,, 

2' 

46" 

2' 45" 

* 

3' 39" 

3' 41" 

3' 41" 


0 ' 

8" 

5' 

7" 

5 cc. ,, 


27" 

3' 29" 


4' 34" 

4' 38" 

4' 37" 

Ik 

6' 

24" 


28" 




Inhibitions = 

(i) 25 

%: (ii) 

46-5 







* 0-1 g. phenylmethylcarbinol added. 

Whether it is the same active centre for the adsorption of the ester and 
of the alcohol is still not clear. In the dehydrogenases the groupings —CO— 
and —CH.OH— seem interchangeable, i.e, either is equally well adsorbed at 
the same centre. It is not clear whether this is the same effect or whether 
phenylmethylcarbinol acts merely as an alcohol. In this case the ketone 
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exerts a more powerful action tlian the corresponding alcohol, and a keto- 
acid, as will presently be described, had more effect than a hydroxy-acid, 
but with the pair of substances, cyclohexanone and cyclohexanol, the reverse 
was true. Both, in comparison with the pair, acetophenone and phenylmethyl- 
carbinol, are very weakly adsorbed, but cyclohexanol is very definitely more 
adsorbed than cyclohexanone, as the following two experiments show: 


Svbstraie: ethyl butyrate 1 ct. Siihntrate and inhibitor pre^sevt as emulsion. 
A. Effect of cyclohexanone. 


] cc. COa in 

37" 

37" 


43" 

42" 

41" 

t 

49" 

49" 


47" 

46" 

2 CO. 

r 13" 

r 13" 

♦ 

r 25" 

r 24" 

1' 21" 

t 

]' 38" 

r 39" 

+ 

•f 

r 32" 

r 32" 

3 ( c. ,, 

r 51" 

r 52" 

♦ 

2' 7" 

2' 6" 

2' 3" 

t 

2' 28" 

2' 31" 

1 

2' 17" 

2 ' 15" 

4 cc. ,, 

2' 29" 

2' 32" 

* 

2' 49" 

2' 48" 

2' 45" 

t 

3' 19" 

3' 20" 

t 

:r 5" 

3' 0" 

5 cc. ,, 

3' 8" 

3' 10" 

* 

3' 31" 

3' 29" 

3' 27" 

t 

4' 10" 

A' 10" 


3' 53" 

.3' 43" 


* 0-5 cc. added. f Another 0-5 cc. added. % Another 0-5 cc. ethyl butyrate added. 


B. Effect of cyclohexanol. 

Icc. cosin'^ 38" * 50" 54" 50" t ^6" 45" J V 5" E 0" 

2cc. „ 1/14" 1' 15" * 1'37" r50" 1'42" f ‘1^" 1' ilO" % 2' 8" 2' 0" 

3cc. „ r52" r52" * 2'27" 2'45" 2^34" f ^2'IT 2^15" J 3' 8" 3' 0" 

4cc. „ 2'30" 2'31" ♦ 3' 17" 3'43" 3'27" f 3" 3' 1" % 4' 10" 4' 0" 

5 cc, 3' 8" 3' 8" * A' 8" 4' 38" 4' 22" f 3' 49" 3' 48" J 5' 12" C/ 1" 

* 0-5 cc. added, t Another 0-5 cc. ethyl butyrate added. X Another 0 5 cc. inhibitor added. 


The gram-molecular constants (l//i) for these substances are approxi¬ 
mately 0*17 for cyclohexanone and 0-6 for cyclohexanol. 


Effect of acetophenoncoxime. 

A more satisfactory attempt to affix the properties of acetophenone to its 
carbonyl group was in the use of the oxime. A difficulty admittedly arises 
in that this substance is a solid, but it is fairly soluble, and other solids have 
been investigated with which to compare it. The observed effect with solids 
is probably less than the full, as the solid tends to sink to the bottom but 
if very finely powdered, nearly all the material is kept evenly distributed 
throughout the fluid by the stirrer. 

Among solids used have been benzophenone, benzoin, and benzil. Two 
experiments with the former have yielded, for 0-1 g. of the substance, inhi¬ 
bitions of 15% and 17 %, corresponding to a gram-molecular constant of 
2 -5, less than the observed value for acetophenone, but this may be accounted 
for by steric hindrance, the position of the carbonyl group between two rings 
quite possibly presenting an obstacle to adsorptiom Benzoin has given figures 
of about the same order, but the error here is probably greater as the sub¬ 
stance appears more prone to aggregate and fall to the bottom. Benzil, which, 
being a diketo-compound, is of especial interest, is particularly prone to this 
objection, the finely powdered material aggregating to large lumps as soon 
as it enters the fluid, nevertheless a considerable inhibition has been observed. 

With these, then, it was considered fair to compare acetophenoncoxime. 
Whilst at first it was suspected of having some residuary inhibiting power, 
repeated recrystallisation finally gave a product giving practically no Inhibi¬ 
tion at all. 
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The following table compares acetophenoneoximc with benzophenone. 
Substrate: ethyl butyrate, 1 cc. Inhibitors present as suspensions, 

A. Eileot of 0-1 g. beazophenone, added at 


1 

cc. 

COg in 

35" 

36" 


36" * 


42" 


40" 


39" 

2 

Ct', 


r 9" 

1 ' 12" 

r 

12 " ♦ 

r 

22 " 

r 

20 " 

r 

18" 

3 

cc. 


r 44" 

r 49" 

r 

48" ♦ 

2' 

4" 

2 ' 

1 " 

2' 

0" 

4 

cc. 


2' 20" 

2' 25" 

2' 

24" * 

2' 

45" 

2 ' 

43" 

2' 

42" 

5 

cc. 


2' 55" 

3' 0" 

3' 

0 " * 

3' 

27" 

:v 

24" 

3' 

25" 





Inhibition —15 % 







Effect of 0-1 

g. acetophenoneoximc, added at *. 





1 

cc. 

COg in 

34" 

34" 

* 

36" 


35" 


36" 



'■> 

cc. 


1' 5" 

1 ' 8" 


r 12" 

r 

9" 

V 

7" 



a 

cc. 


r 37" 

r 43" 

♦ 

r 47" 

r 

44" 

r 

42" 



4 

cc. 

>9 

2' 14" 

2' 17" 

* 

2' 23" 

2' 

19" 

2' 

17" 



0 

cc. 

99 

2^ 53" 

2' 53" 


2' 59" 

2' 

55" 

2' 

53" 







No 

inhibition. 








M iscella iieouH examjdef^. 

Beiizaldehyde also gives an inhibition of an order approximating to that 
given by acetophenone, the inhibition by 0*1 ec. in the usual volume being 
%, corresponding to a gram-molecular constant (I IK) of 2-75. The effect 
of the carbonyl group is thus again evident. The oxime of this substance has 
not been investigated. 

The behaviour of ethyl benzoate should not pass unnoticed. Preliminary 
experiments had shown that this ester was cpiite unattacked by the lipase 
preparation used. Further experiments showed that the substance acted as a 
simple inhibitor, not a very powerful one, but displaying competitive inhibition 
when added to a system actively hydrolysing ethyl butyrate or other substrate. 

In connection with the experiments using methyl })ropyl ketone, acetyl- 
acetone wars investigated. This sid^stance, containing as it does two keto- 
groups, might be expected to have high inhibitive properties. Actually it w’as 
not so active as methyl propyl ketoTie itself. This is probably due to the fact 
that it is actively tautomeric, with a labile, hydrogen atom, and does not 
therefore function as a ketone. 

Effect of 'i)tjravnte and lactate. 

Lastly remain to be described some experiments in which the grouping 
to be investigated was ])art of the anion of a salt. The sodium salt of a keto- 
acid, pyruvic, w*as com})ared wdth the similar salt of the corresponding 
hydroxy-acid, lactic acid, w^hile the unsubstitutcal propionic acid was used as 
a control. The necessary concentrations of these entirely soluble substances 
w^ere much larger than those of the compounds previously considered, amounts 
of the order of 1 g. being used. In the experiments quoted 1 g. each of pyruvic 
and lactic acids (whose molecular weights differ only by 2) and the corre¬ 
sponding equimolecular weight of propionic acid, all neutralised with sodium 
hydroxide, were used. With pyruvate it was very difficult to obtain the value 

^ The results with solids other than benzophonone have not been included in the general 
table, as for reasons stated they are not capable of strict comparison with the other results. 
This does not affect the view that the comparison just drawn represents a true qualitative 
difference of behaviour between the substances. 

Biochem. 1929 xxiii 
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of the final velocity, as there tended to be a gradual decline in this quantity, 
but the inhibition was in the zone from 30 to 40 %. With lactate the inhibi¬ 
tions observed varied from 18 to 22 %, while propionate gave 11 %; equi- 
molecular sodium chloride gave 8%, while the dilution error (for these 
substances bad to be introduced in a volume of at least 5 cc.) was up to 5 %. 
The relative effects of these substances are shown graphically in Fig. 4. 


DO 

100 


00 



O 

(u 



SodiLUM Chk»ridje8/u 

Xi 

'o 

90 


Sodiuai Propionaite 11% 



I 

1 

80 

• 

Sodium Lactate 22/, 




> 

70 






Sodfiim Pyruvu.to 38% 


60 



Time 
Fig. 4. 


Incidentally the approximation between the values given by sodium pro¬ 
pionate and sodium chloride shows that the fatty acids, prc^sent as they are 
as ions at this , are very weakly adsorbed. This agrees with the statement 
made at the beginning of this paper that the continuance of the linear curve 
of hydrolysis depended on the alcohol produced, and scarcely at all on the acid. 

Finally, Fig. 5 represents graphically the relative extent of the inhibition 
produced by the different substances studied. It shows the diminution in 
velocity brotight about by a concentration of one-tenth of a gram-molecule 
of the inhibitor per gram-molecule of ethyl butyrate. 


‘53 






Aoelophenoneowim* 0/ 




Cycll»^mx«ncl 8 3% 

*»«*" ' 1 

20% 



Acetophenone 3U 8% 


Time 


Fig. 5. 

The values of 1/K relative to ethyl butyrate 1) for a number of 
chemically related substances are appended: 



1 /K 


1/K 

Acetophenone . 

4-35 

Phenol . 

1*25 

Benzophenone . 

2*5 

Aniline . 

0*46 

Benzaldehyde . 

2-75 

Cyclohexanol 

0*60 

Phenylmethylcarbinol ... 

2-75 

Cyclohexanone ... 

0*17 

Aniaole ... . 

1-25 
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Conclusion. 

Whilst the nature of the active centres of lipase is still quite unknown, 
except in so far as we know from the work of Willstatter and his colleagues 
that they are not protein in nature, the work described throws some light on 
the manner of the attachment of the substrate to those active centres. Thus 
if substances containing the carbonyl group compete with the substrate for 
the enzyme, it may be claimed to show that it is by this group that the 
substrate is normally attached, which makes the relative non-specificity of 
the enzyme more understandable. The conversion of —CO - into —CJHOH 
still yields a substance with inhibitive power, but in no case has it been found 
that replacement of —CO— by —CH 2 results in an active inhibitor. It is 
clear however that the non-polar moieties attached to the —CO—group also 
play an important part in rendering the substance accessible to the enzyme, 
as is indicated for instance by the greater inhibition by methyl propyl 
ketone than by acetone. The actual affinity of the enzyme for the sub¬ 
strate (the Michaelis constant), and the readiness of decom])Osition of the 
resulting complex are determined by factors in which the nature and con- 
figiTration of the rest of the molecule play the chief part, and with regard to 
which lipases of different origin differ among themselves. The varying sensi¬ 
tivity of the different lipases to poisons such as alkaloids, arsenicals, etc., 
which has been much studied and which is held to be independent of the state 
of purity, is again a different phenomenon. The work described is meant to 
bear on the general affinities between substrates and the active centra's of 
the lipase, the general rather than the particular having been the object of 
study. The results observed support the conclusions concerning the nature of 
enzyme action which have been obtained from the study of the dehydro¬ 
genating enzymes of bacteria. 


Summary. 

1 . A method is described by which the actual velocity of hydrolysis of 
esters by lipase can be followed immediately. 

2 . The effects of various compounds, studied from the point of view of 
their molecular structure, on this velocity is described. 

3. Ketones (including aldehydes) produce an inhibition of the velocity of 
lipase hydrolysis out of proportion to that produced by the chemically re¬ 
lated compounds investigated. Secondary alcohols also })roduce an inhibition, 
which may however be due to reversal of hydrolysis. 

4. This power is completely lost by converting the ketone into its oxime. 

5. It is claimed that this is due to a specific affinity between the carbonyl 
group and the active centre of the enzyme, which affinity is also responsible 
for the normal adsorption of esters preparatory to their hydrolysis by the 
enzyme. 


20—2 
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In conclusion I wish to express my thanks to Sir F. G. Hopkins for 
his constant interest in this work, and to Mr J. B. S. Haldane and Dr J. H. 
Quastel for continued help and advice, I am also indebted to the Department 
of Scientific and Industrial Research for a supplementary grant. 
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XXXVIII. THE USE OF DECINORMAL HYDRO¬ 
CHLORIC ACID FOR STANDARDISING 
ELECTROMETRIC MEASUREMENTS. 

By NOEL FRANCIS MACLAGAN. 

From the Conrtanld Institute of Biochemistrif. The Middlesex Hospital^ 

London, 

{Itxceived February 15fh, 1929.) 

In his s])ecihcatioTis for the standardisation of p^^ measurements, Clark [1928] 
^ives as tlie ultimate standard tlie tenth-normal calomel half-cell, to which 
is assij^iKal the Sorensen [1909J value for the normal hydrogen electrode 
potential. As a secondary standard any solution of known pjj may be used, 
the term pji being defined with reference to the first standard. 

The ])raotical application of these sfiecifications is a matter of some 
diificulty. The tenth-normal calonn^l cell is not now widely used owing to the 
amount of labour reijuired for its satisfactory pre])aration; in addition to the 
tedious purification of the chemicals it is necessary to make uj) several cells 
at a time and take the average jiotential which must be frequently checked 
against freshly made cells [Sorensen and Liiidestrom-Lang, 1924]. If the 
alternative method is used, the materials for the working saturated calomel 
cell need not be s])ecially piirilied, but it is difficult to find a satisfactory 
standard solution. 

Of tlie many buffer solutions whose has been determined, none is 
suitable even for rough measurements unless the salt is recrystallised several 
times. The ()*()5 M potassium hydrogen ])hthalate recommended by (dark and 
Lubs [1916] is tlie simplest to prepare and lias undoubtedly been successfully 
used by many workers, but the presence of im]uirity is a possible source of 
danger. Thus it is noted by Clark [1928] that the best commercial ])hthalic 
anhydride, although usually satisfactory, sometimes contains inqmrities which 
necessitate ten or more recrystallisations of the salt prepared from it; in the 
absence of an independent standard this jirecaution wcmld not be taken. The 
occasional presence of another very troublesome impurity is described in a 
note at the end of this paper. Most of the other buffer solutions available are 
even more difficult to prepare and are not often employed for the present 
purpose. 

A solution of the composition 0*01 N HCI.0*()9A^ KCl is advocated by 
Sorensen and Lindestrom-Lang [1924] and others, but there appears to be 
some uncertainty both in the and the temperature coefficient [Clark, 1928; 
Cullen, Keeler and Eobinson, 1925]. Decinormal hydrochloric acid has none 
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of these disadvantages, as the pure acid is readily obtainable and the 0*1 N 
solution easily standardised. It has been used by Cullen [1922] and many 
others [Cidlen, Keeler and Kobinson, 1925; Hastings and Sendroy, 1924; 
Hastings, Baird, Sendroy, Julius and Van Slyke, 1928] who accept the value 
of 1-08 tor the pn at all temperatures. Since this value is based on the hydrogen 
ion activity calculated from the e.m.f. measurements of Noyes and Ellis [1917j, 
it gives to the procedure a theoretical basis, the advantage of which has been 
])ointed out by Cullen, Keeler and Robinson. There remains, however, the 
})rob]em of the potential at the liquid junction 

01 N HCl/sat. KCl 

which is certainly much greater tlxan that produced between saturated KCl 
and any of the other proposed standard solutions. It is, of course, usual to 
neglect the value of this potential, but it is still necessary that the junction 
should be formed in a reproducible manner. It has been shown by Clark and 
Lubs [191G] that the drift of potential wKich occurs at such junctions as this 
is considerable, and interferes with the accuracy of the measurement, and 
Clark [1928] considers that while each wmrker will be able to reproduce his 
own results, there is a serious danger of discrepancy between the results of 
different w'^orkers if this solution is used as a standard. The present l>aper is 
chiefly concerned with a practical study of the liquid junction in question 
from the standpoint of Clark's criticism. 

Experimental. 

The potential difference of the cell 

+ Hg/HgC1.01 N HCl/sat. KCl/3-5 xY KCl.HgCl/Hg - 
J B 

was mea-siired, junction A being made by a variety of methods. No im])ortance 
is to be attached to the absolute value of the voltages recorded, as the chemicals 
were not specially purified, but the results show that the potentials at the 
electrodes remained unchanged during each series. The calomel vessels used 
w^ere similar to those described by Kerridge [1926], and were kept at 25° by 
means of a simplified air-bath [Clark, 1928]. The temperature of the air in 
the bath varied by about 0*1° every half-minute, but this fluctuation produced 
no measurable effect on the readings obtained. Junctions A and B were made 
with vertical glass tubes dipping into the saturated KCl wKich w^as contained 
in a small intermediate vessel. Evaporation w^as prevented by a layer of liquid 
paraffin. 

Saturation of the KCl was ensured by using a solution saturated at 37°, 
which was allowed to come to 25° and then well stirred. Junction B was 
always made at the end of a tube of 3 mm. internal diameter; its contribution 
to the p.B. of the cell was probably negligible. Junction ^4 was formed both 
inside and at the end of tubes of different diameters. In the former case it 
w as made by pinching the rubber tube, which held the glass tube in which 
the junction was to be established, in order to expel two or three drops of 
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HCl into a waste vessel when the glass tube was dipped into the KCI 
and the pressure released; a sharp junction was thus drawn into the tube 
about 1 cm. from the end (see Fig. 3). With wide tubes (7 ram.) it was found 
necessary to use a Y-piece and rubber teat. In practice, instead of the cell 
being lowered, the KCI was raised and a su[)port finally pushed underneath. 
It was necessary to dislodge the drop of liquid paraffin which sometimes 
adhered to the end of the tube before drawing the junction inside. The 
following table shows ty])ical results obtained with one pair of half-cells. 

Table I. 


(a) Junction at end of tube of 7 mm. internal diameter 


Reading (mv.) 84-8 

84-0 

84-4 

84*2 

84*0 

83-8 

83*7 

Time (min.) 1 

(b) Junction at end of 3 mm. 

3 

tube 

(> 

11 

19 

35 

,54 

Reading (mv.) 84-5 

83-9 

83*66 

83*.35 

83*2 

83-1 


Time (min.) 1 

0 

12 

42 

70 

138 



{(') Junction inside 7 mm. tube 

Heading (m\.) 84'9 84-75 84-75 

Time (min.) J 10 bO 

{(1) Junction inwide 3 mm. tube 

Reading (mv.) 84-9 84-75 84*75 

Time (min.) 1 10 00 

(e) Junction inside 1 mm. tube 

Reading (mv.) 85-1 84-9 84-8 

Time (min.) 1 10 00 

It will be noticed that there is a surprising difference between junctions 
formed inside the tube and those formed at the end. The former are much 
to be preferred for the following reasons. 

(а) They are more reproducible. 

(б) The time change is only about one-tenth as great and occurs almost 
wholly within the first ten minutes. 

(c) The diarnettT ()f the tube is imim})ortant if 3 mm. or over. 

The final readings (10 minutes or longer) in Table I (c) and (d) were the 
most reproducible. The order of accuracy obtainable is shown by the following 
series of consecutive readings (obtained with another pair of cells) for junctions 
inside 3 mm. tubing. Each reading represents a different junction 10 minutes 
or longer after forming. 

84-84, 85*00, 84*85, 84*95, 84-93, 84-94, 84-97, 84-90, 85-00, 84-90, 84-85, 84-90, 84-95 mv. 

Av. deviation--0-04 rav.; max. deviation—0-08 mv.; moan: 84-92 mv. 

None of the other readings was reproducible to less than about i 0*2 mv. 
This type of junction was compared with a flowing junction by means of 
the apparatus sketched in Fig. 1. 

The lighter HCl enters through tube C and meets an upward stream of 
the heavier KCI in the broad tube D, The mixed stream overflows at E, The 
junction can be made or broken as often as desired by raising or lowering 
tube C which fits the cork somewhat loosely. C and D are connected with 
reservoirs of HCl and KCI with rubber tubing, the rate of flow being regulated 
with screw clips. A T-piece is included on each side for connecting with the 
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two calomel cells. A con veil lent rate of flow is about 20 drops per minute 
from E, and the p.d. then reaches almost immediately a constant value which 
is unaffected by large increases in the rate of flow of either solution, or by the 
alteration of the diameter of tube C from 3 mm. to 1 mm. The exact degree 
of reprodiicibility is uncertain as the galvanometer was only sensitive to 
0-05 mv. with the greater resistance introduced. No variation could be 
detected over periods of a quarter of an hour. Static junctions were niade inside 
tube C in the usual way. 




Tliis form of flowing junction appears to possess certain advantages over 
the possibly more reproducible types of Lamb and Larson [1920] and Mclnnes 
and Yeh [1921], since contact can be made or })roken as often as desired and 
the rate of flow of each solution can be varied independently. It was designed 
to imitate the first flowing junction described by Lamb and Larson, where 
the lightei solution runs slowly into a large volume of the heavier. Another 
pair of cells was used which, with the flomng junction at gave a potential 
difference of 88-9 mv. at the beginning and at the end of the ex])eriment. This 
value fell to about 87*6 mv. ’when the flow of HCl was stopjied, and rose to 
about 90*4 mv. when the flow of KCl was stopped. The average final reading 
of five static junctions made inside tube C was 88*89 mv. Taking into account 
the sensitivity of the galvanometer, it is evident that the two methods agree 
to vdthin 0*05 mv. 

The junction between saturated KCl and some other solutions was studied 
at room temperature with the arrangement showm in Fig. 2, using the system 

Hg/HgC1.3 a N KCl/solution/3-6 N KCl.HgCl/Hg* 

X y 
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Junction y was first made inside the tube with the aid of a rubber teat 
and after 10 minutes junction x wm made at the end of the tube. The pair 
of cells used for these experiments gave a p.d. of < 0*05 mv. before and after 
the series. The following results are typical of those obtained. 


Table II. 

<)■] N HCI 


Heading (mv.) -f O-O 

Time (min.) 1 

+ 0-7 

+ 0*85 

+ 0-98 

3 

(i 

13 

0 01 K HCLO OU N KCi 

Heading (mv.) +0T7 

Time (min.) O n 

+ 0-26 

+ 0-28 


5 

10 


Potansium hydrogen phthalate 0-05 N 

f^eading (mv.) “0-06 

-f006 

-fO-07 


Time (min.) 1 

7 

10 


Pliosphate nolution pn 7-4 

Heading (mv.) -i 0-05 

-} 010 

-f 014 

-+-01G 

Time (min.) 1 

4 

7 

19 


The (lifTeixmce between the two types of junction is not very serious except 
in the case of 0-1 N HCI. 

The above system was also used to test the reproducibility of saturated KCl 
agar bridges and of the ground glass junctions used by Kerridge [1926] with 
the glass electrod': these were substituted for the tube shown at junction x. 
Th(‘ agar bridges w’ere ]3repared as directed by Michaelis and Fujita [1922] 
in tubing of 1 mm. internal diamet(‘r. The two cells used here had a p.d. of 
-f' 0-5 mv, before and after tlie ex})eriment. 


Table HI. 


A^^ar biidgri witti 0-1 N 


Reading (mv.) 

fl-O 

+ 1-0 

4-1-7 

4-2-0 4-2-51 

( 4:0-5 uiv. 

Tune (min.) 

1 

3 

9 

20 60 j 

Agar bridge with pliosj 

ihate 

solution 




Heading (m\.) 

-) O o 

4-0-8 

4-0-9 

1 ( 4:0-5 rnv.) 


Time (rain.) 

CdasH caps with HCI 

1 

5 

J5 



Heading (mv.) 

-20 

- 10 

-4 

-6 -1 

-1-5 

I'um* (min.) 

1 

3 

10 

1 3 

15 

Class caps with pliosphate solution 




Hi'ading (mv.) 

Time (min.) 

~l-5 

1 

0 

5 

4-1 

20 

1 (iO-5 mv.) 



It will be seen that with the phosphate biiiler both methods gave results 
corresponding roughly with the junction inside the tube, the order of accuracy 
being about i- 0*5 mv. The same is true of agar bridges with 0*1 iV HCI, but 
the glass caps are unsuitable for making contact with this solution. In using 
the ground glass caps it was essential to exclude air bubbles, which may cause 
large errors. This is best accomplished by running some KCl solution into the 
cap as it is placed in position; the outside can then be rinsed and dried wdth 
filter paper as usual. 

^ The correct reading here is about 1*5 mv., since junction y was formed with 3-5 N i 
of saturated KCl (see Table IV). xOrming 
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Discussion. 

In tlie case of static junctions it has always been the practice to take the 
initial readings, largely on the recommendation of Gumming and Gilchrist 
[1913]. The junctions have sometimes been at the ends of tubes [Fales and 
Vosburgli, 1918: Sorensen and Lindestrom-Lang, 1924; Harned, 1926] and 
sometimes inside tubes [Clark, 1915; Stern, 1925], but even in the latter case 
the results have not been satisfactory for HCl solutions. For example, Clark 
and Lubs [1916], using 0*01~0-05 N HCl/sat. KCl, report a maximum deviation 
from the mean of 0*22 mv., and an average deviation of 0*14 mv. These 
results presumably correspond to the initial readings in Table I (c) and (rf), 
which showed about the same variation. Mclnnes and Yeh [1921] also note 
that the initial reading differs from that given by their flovnng junction in 
the case of 0-1 N HCl/0-1 N KCl. It is significant that Curnming and Gilchrist 
favoured initial readings chiefly on the evidence afforded by junctions made 
at the end of the tube; actually they record a negligible time change in the 
case of junctions inside a 1 cm. tube. 

Since the absolute value of the potential at the licpiid junction is unknown, 
all that is required is a reproducible result. It is therefore suggested that for 
the present purpose it is better to take the final reading (10 minutes or longer) 
with a junction made inside a tube of 3 mm. or over by the techni(jue described 
above. Even with 0*1 N HCl, the degree of rejuoducibility is satisfactory for 
most purposes, i 0-05 mv. or ± 0*001 and the value obtained in this case 
is very close to that given by the flowing junction, and probably within 0*3 mv, 
of the value given by initial readings with the Clark hydrogen electiode. 
Final readings could no doubt be taken with this electrode, and should be 
identical with those obtained by the above method. The modification of 
Bunker’s [1920] electrode as sketched in Fig. 3 is simpler and was found to be 
quite suitable for checking buffer solutions. It saturates cjuickly and, if 
])rovided with taps, the current of hydrogen may be turned off for at least 
half an hour without affecting the potential, which show's that the protection 
fi om the air is adequate. With this electrode there is no difficulty in duplicating 
results on 0*1 N HCl to within 0*1 mv. 

It is claimed that this treatment of the liquid junction will remove any 
danger in the use of 0*1 W HCl for the standardisation of pj^ measurements, 
and that this is, therefore, the safest solution available for this purpose. At the 
same time, the justice of Clark’s criticism, referred to above, is clearly shown by 
the results obtained. Thus for the solutions 0*1 W HCl/sat. KCl the initial 
readings for junctions at the end of the tube may differ from those obtained 
with the above method by 0*3 mv,, and probably from those usually obtained 
with the Clark electrode by 0*6 mv.; in addition to this they are less repro¬ 
ducible on account of the greater time change, a delay of even one or two 
at inutes in taking the reading being serious. Agar bridges or capillary tubihg 
give rise to errors of one or two millivolts, and ground glass junctions are 
ommended. 
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The eliminatio7i’^ of the liquid junction potential. 

There are two empirical methods which aim at the elimination of the 
liquid junction potential ; the Bjerrum [1911] extrapolation method, and that 
of Michaelis and Fujita [1923]. The latter consists in interposing a solution 
of 0-1 N HCl saturated with KCl thus: 


-f Hg/HgCl.O-l .V HCI/O l N HCl.sat. KCl/3-5 xY KCl.HgCl/Hg- 
A h 

The two half-cells used in the iirst experiment (84*92 mv.) were compared 
by both these methods with the following results, which apply to final readings 
inside 3 mm. tubes. 


Michaelis and Fujita 


3 r> W KCl 
1-75.YKCJ 


83-8) 

79-9J 


Bjemim’s poini 


904 rav. 
87-7 mv. 



The two results differ widely and, therefore, do not support the validity 
of either method for this junction. Somewhat better agreement is obtained 
by following the practice of Walpole [1914] and Clark and Lubs [1916], who 
apply the Bjerrum extrapolation, determined substantially as above, to the 
voltage developed when saturated (4*1 N) KCl is used as a bridge. This give^ 
88*8 mv. for Bjerrum’s point. It w^as noted in using the method of Michc 
and Fujita that the time change was in the opposite direction tfdction 
observed in all the other cases. This time.change was almost entirq forming 
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junction J, since remaking junction B, when A had attained equilibrium, 
produced a negligible {< 0*05 mv.) change in the voltage. This observation 
suggested that some intermediate strength of HCl would eliminate the time 
change, and the following results (Table IV) show that the required strength 
is about 0*()]85 N. The values obtained for Nos. 4 and 5 were very close, and 
as they were not reproducible to less than it 0-1 mv. they overlapped. The 
average lias, therefore, been taken as representing the mixture sat. KCl- 
0-0185 A HCl with a very small time change of variable sign. This difficulty 
was probably due to slight initial dillusion which has a relatively great effect 
on these junctions. 


Table IV. 


The P.D. of the cell 


+ Hg/HgCl.() l N HCJ/Bolution4:P5A" KCl.HgCl/Hg^ 
A B 


No. 

Solution X 

Final n-adm^, 
inside junction 
mv 

Average 
time change 
mv. 

1 

1-75 A KCI 

79 9 

-0-5 

2 

.3 5 A KCI 

8.3-8 

-0-3 

3 

Sat. (4 J iV) KCI 

84-9 

-0-2 

4 

Sat. KCLO QlS.'i AH(4) 


( -Od* 

5 

Sat. KCI.0-0188 A H('l| 

86-15 uv. 

( -f 0-1* 

6 

Sat. KCl.(r085 A HClf 

90-4 

-1-1 0 

7 

Sat. KCI. 1-0 A HCI 

119 0 

+ 1-2 


Thoso figures rofer to junctiona at the end of the tiibo; the lime clianfio for inside innotioria 
was noj^di^iblo in tiioae cases. 

tClhis mixture is 01 N HCl shaken with solid KOI to saturation, as directed by Michaclis 
and Fuji ta [ 192 . 3 J. 


The significance of this nul point is doubtful, but a consideration ol' Ta ble IV 


suggests the po.s.sibility that the liquid junction potential has been eliminated 
in this case. In the hist place it is probable on tlieoretical grounds that the 
liiluid junction potential at A in No. 3 is .small. The reading which corresponds 
to elimination of this potential is then not more than a few millivolts positive 
to 84-9. Thus, possibly in No. 6 and certaiidy in No. 7, the potential has been 
reversed. It is quite probably reversed in No. 6 since Harried [1916] has 
shown that the hydrogen ion activity of 0-1 N HCl is doubled by the jiresence 
of 3 M KOI. Now the amount of time change is frequently considered to be 
an index of the liquid junction potential. In Nos. 1, 2, 3 and 7, it is un¬ 
doubtedly an index both of the sign and magnitude of the potential; if the 
same he true of Nos. 4, 6 and 6, it follows that the potential at A is zero in 
Nos. 4 and 5. This argument ignores the effect of junction B which, however, 
showed no appreciable time change even in the case of No. 7. In order to 
obtain some estimate of the potential at this junction, which cannot be zero, 
vHe Bjerrum extrapolation was used thus: 


duci 

at inuttN/HgCl.o i N HCi j 
give - / 


0-0185 N HCl 
aat. KOI 


y 




sat. KCI (86-20) 
3-5iV^Ka (86-15) 
l-75Ar KCI (85-95) 


ommt 


y^3-5iVKCl.HgCl/Hg- 
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This gives the p.d. at B' (with 3-5 N KCl) as — 0-2 mv. No accuracy can 
be claimed for this value, but it is probably of the right order of magnitude. 
On these assumptions the potential at the flowing junction 

-O lA^HCl/sat. KC1 + 

is 1‘45 mv. Two recently calculated values are 1-58 mv. [Harned, 1926] and 
4-7 mv. [Scatchard, 1925]. It is doubtful, however, whether the p.d. at A' can 
really be zero, as the hydrogen ion activity is different on the two sides of the 
junction. The pjj of the solution 0*0185 iV.HC'l sat. KCl was measured with 
the hydrogen electrode; assuming 1*08 for the pjj of 0*1 N HCl and neglecting 
liquid junction potentials the pjj of the mixture was found to be 1*32. 

A NOTE ON THE USE OF POTASSIUM HYDROGEN PHTHALATE. 

A commercial sample of “pure” potassium hydrogen phthalate contained 
less than 0*1 % water and required the theoretical volume of 0*1 N NaOH 
for neutralisation when titrated as directed by Dodge [1915]. Yet the 
the 0*05 N solution was 3*92 instead of 3*97. This was found to be due to the 
presence of a trace of impurity, presumably tlie acid salt mentioned by 
Dodge [1920]. This impurity was sparingly soluble in cold water, more soluble 
in hot, so that after four recrystallisations, carried out above 20°, the resulting 
product would not dissolve completely in water at ordinary dilution. 

50 g. of the original material were shaken with 100 cc. water and allowed 
to stand, when the clear solution was decanted. This process was repeated 
until an apparently insoluble residue was obtained. 0*5016 g. of this residue 
was dissolved in hot water and required 26*60 (tc. 0*1 N NaOH for neutralisa¬ 
tion instead of the theoretical 24*54 cc. 

The impurity might be introduced during the ])reparation either by an 
error of neutralisation or by recrystallisation below 20'' [see Dodge, 1920], 
and, as it cannot be removed by recrystallisation and may not be obvious at 
a dilution of 0*05 A', it represents a danger which should not be overlooked. 
In view of this, and of Clark’s note on phthalic anhydride mentioned above, 
it is suggested that if potassium hydrogen ])hthalate is to be used as a standard 
the only safe course is to recrystallise until the pjj of the 0*05 A"/solution is 
unaffected by further recrystallisation (above 20°). This can be d,<)ne without 
using an independent standard and is not very laborious it the original 
material is pure; samples such as that described above are of course quite 
imsuitable, but at least the presence of the impurity is i;evealed by this 
treatment. 

Summary. / 

1. The advantages of using decinormal hydrochloric amd for standardising 

Pj^ measurements are pointed out. The liquid junction requires special 
treatment. / 

2. Some of the factors influencing the p.d. a^fc the liquid junction 
0*1 iV HCl/sat. KCl have been investigated and a sij^ple method of forming 
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the junction is described, which is reproducible to J: 0*05 mv. or i 0*001 
This method is also recommended for general use in accurate determinations, 

3. A new type of flowing junction is described which gives for these 
solutions results almost identical with those obtained by the above method. 

4. The degree of reproducibility of junctions formed with agar bridges 
and with ground glass surfaces is considered. 

b. Some observations on the time change at the junction 0*1 jV HCl/ 
sat. KCi . xN HCi are presented and the possibility of eliminating the potential 
at this junction is discussed. 

6. The occurrence of an impurity in a certain sani])le of potassium hydrogen 
phthalate is described. This affected the of the 0*05 N solution but could 
not be removed by recrystallisation. 

In conclusion I wish to express my thanks to Prof. E. C. Dodds for his 
advice and criticism. The expenses of the investigation were defrayed by 
Mr Poiipart's gift to the Dental Eesearch Fund, on whose behalf the work was 
undertaken. 
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XXXIX:*SCYLLITOL IN SELACHIAN ONTOGENY. 


By JOSEPH NEEDHAM. 

From the Biochemical Laboratory, Cambridge. 

{Received March 19th, 1929.) 

One of the principal aims of chemical embryology must certainly be to hnd 
out, in the case of any given egg, exactly what the (‘mbryo is provided with 
by the maternal organism. Anything with which it is not yirovided at the 
start must either be absorbed from the environment or synthesised during 
develo])ment, and it is important to know how much of this kind of work 
tlie embryo has to perform during its morphogenesis. We know, for example, 
that the eggs of marine invertebrates are not supplied with enough water or 
enough ash to make the complete embryo, while those of fishes have enough 
ash but not enough water. With regard to organic constituents also the same 
distinction can be made. As far as we know all eggs contain sufficient protein, 
and in no case does protein have to be manufactured from other nitrogenous 
bodies. Probably the same holds true of carbohydrate, but undoubtedly 
certain fishes and gastropods have to synthesise fatty acids during their 
ontogeny, and there is evidence that in the eggs of birds, for instance, some 
15 % of the total cholesterol which the embryo requires has to be formed 
from other substances. Japins, on the other hand, judging from the behaviour 
of ether-soluble ])hosphorus, are always present in ample amount at fertilisa¬ 
tion, though the range of species for which we have information is not large. 
The two most outstanding instances of substances which are not provided 
by the maternal organism are jiigments—thus no egg contains haemoglobin— 
and cycloses. 

In a ])revious paper |Needham, 1921] it was shown that the binositol 
which is found in all the tissues of the newly hatched chick has to be syn¬ 
thesised by the embryo during the three weeks of its development. This 
observation had been jDreviously made by Klein [1909] but the course of 
formation of the cyclose by the chick was followed by an estimation-method, 
which, though it left much to be desired, was an improvement on any of the 
techniques whicdi had been at the disposal of the earlier workers. 

The inositol of birds and mammals is not the only one which occurs in 
animal tissues. Of its seven possible stereoisomeric modifications, one other 
is known, scyllitol, first isolated from elasmobranch fishes by Stadeler and 
Frerichs [1858]. This body is identical with the quercinitol which has been 
obtained from acorns, and with the cocositol of the palm-tree [Muller, 1912]. 
In view of the fact that the cycloses have recently acquired co^|^'***^kle 

Bioohem. 1929 xxin 
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physiological importance through the identification of idnositol with (Wildier’s) 
Bios I by Eastcott [1928], and for the general embryological reasons already 
mentioned, it was thought worth while to investigate the origin of scyllitol 
during the development of a selachian fish. The material, collected at the 
Millport Marine Biological Station, consisted of eggs aiid embryos of Acanthias 
vulgaris (the ‘'spur-dog'’) and Scylliurn mnicula (the “rough-dog”). 

The method of isolation of the scyllitol embodied the most useful parts 
of various previous methods. The eggs or minced embryos were preserved in 
acetone and, when the time came, were extracted repeatedly with acetone. 
The combined extracts were then freed from acetone by a vacuum distillation 
and the aqueous solution extracted several times with ether in order to remove 
pigments and substances of a fatty nature. Most of the pigment of the eggs 
and some of the pigment from the embryos was thus removed. The solution 
was freed from ether by evaporation and protein precipitated by boiling with 
acetic acid at a at which bromocresol purple was just green. A saturated 
solution of neutral lead acetate was then added after neutralisation and the 
precipitate, which was usually small in amount, filtered oil and discarded. 
To 100 parts of the filtrate were now added 60 parts of a saturated solution 
of basic lead acetate, 20 parts of a 40 % solution of cadmium nitrate, and 
5 parts of concentrated ammonia, for the cycloscs are com])letely carried 
down on the precipitate of lead hydroxide md the double salt of cadmium 
and lead which is formed. The precipitate was then filtered off, washed, 
suspended in distilled water, and decomposed with hydrogen sulphide. The 
lead sulphide was next removed by filtration, throe or four extractions with 
water at 70"^ being required to wash the cyclose completely away from it. 
A second treatment with hydrogen sulphide was sometimes necessary, but, 
if not, the solution was evaporated down to about 10 cc. and ])oured into 
20 times its volume of absolute alcohol, when the scyllitol separated in the 
form of a microcrystalline powder. After being allowed to stand overnight 
it was filtered off and weighed, a correction being made for whatever ash the 
product contained, as the cycloses, being insoluble in all organic solvents, 

^ are rather difficult to free from salts. 

\ In some cases the simpler method of Rosenheim [1917] was used, in which 
the original extracts, freed from acetone, and allowed to stand at a low 
tem]|)erature, deposit crystals of scyllitol. A sample of scyllitol prepared in 
the course of this work melted at 330^. The following results were obtained, 

AcantJnv^s trulgaris: 

Exp, Bi . 8 yolks of wideveloped eggs (the perirttelline liquid, which was included, is very 
small in anio unt): 

Total weight, 167 g.; i.e. 20*8 g. each egg wot weight. 

Total weight, 53 g.; i,c. 6*63 g. each egg dry weight. 

Percentage of water, 68-2, 

Scyllitol isolated, 2*0 mg.; 

. i.e. 0*26 mg. per egg; 

1 -2 mrr Tier IQO g. wet Weight; 

.00 g. dry weight. 
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Exp. D. 3 yolks of undeveloped eggs: 

Total wet weight, 75*7 g.; i.e. 25-2 g. each wet weight. 

Total dry weight, 33 g.; i.e, 11 g. each dry weight. 

Perceiitfige of water, 56*5 

Scyllitol isolated, traces only, insufficient for weighing. 

Exp. Am. 2 yolks of 23 cm. embryos: 

^ Total wet weight, 37 g.; i.e. 18*5 g. each wet weight. 

Total dry weight, 12*6 g.; i.e. 0*3 g. each dry weight. 

Percentage of water, 66. 

Scyllitol isolated, 12*0 rng.; 

i.e. 6*0 mg. jier egg; 

32*4 mg. per Uxig. wet weight; 

95*1 mg. per lOOg. dry weight. 

Exp. E. 2 embryos of 23 cm. length (corresponding to the twentieth month of development out 
of twenty-one [Ford, 1021]); 

Total wet weight, 80 g.; i.e. 40*0 g. each wet weight. 

Total dry weight, 12*5g.; i.e. 6*25 g. each dry weight. 

Percentage of water, 84*1. 

Scyllitol isolated, 52*5 mg.; 

i.e. 26*25 mg. per embryo; 

65*7 mg. per 100 g. wet weight; 

420*0 mg. per 100 g. dry weight. 

Exp. F. 12 embryos of 23 cm. length: 

Total wet weight, 406 g.; i.e. 41*3 g. each wet weight. 

Total dry weight, 61 g.; i.e. 5*00 g. (;ach dry weight 
Perc entage of water, 87*6. 

Scyllitol isolated, 292*2 mg.; 

i.e. 24*3 mg. per embryo; 

50*0 mg. per lOOg. wet weight; 

480*0 mg. per 100 g. dry weight. 

Exp. (b Adult muscle: 

From 47*75 kg. wet weight (0*55 kg. dr>^ weight) 5*75 g. of .scyllitol w'ere obtained; this yiedd 
was almost exactly the same as that obtained from 50 kg. by Rosenheim [1917] and Muller [1912]: 
0*012 mg. per 100 g. wet weight; 0 06 mg. per 100 g. dry weight. 


kicyll i am ca nicula: 

Exp. C. 4 egg-coni^nts {yolk amd jelly): 

(As Acanthias vnlgcms is an ovoviviparous form, retaining its eggs and embryos within the 
uterus until the end of their development, it might be argued that the supply of scyllitol was 
derived from the mother. Scylliunn, however, is oviparous.) Dry weight, 4*36 g.; i.e. 1*09 g. dry 
weight each egg. Scyllitol isolated; traces only, insufficient for weighing. 


The material used in the above experiments was not very abundant, for^ 
it is somewhat difficult to collect, but the results are quite concordant an^^ 
permit of the conclusion that the scyllitol present in the embryos at the 
of development has to be synthesised by them and is not provided in 
egg at the beginning. The dogfish is thus in exactly the same position a 
chick. In Fig. 1 are shown graphically the relations which have been 
to hold in the two kinds of eggs. Eastcott [1928] determined the an 
i-inositol present in undeveloped hen’s eggs by a biological assay 
on the identification of inositol with Bios I, and, as the diagram 
results agree very well with the figures obtained in direct an 
interesting to note that scyllitol itself will not function as Bi 
private communication). 
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One further point which emerges from the data given above may be 
mentioned. The distribution of solid and water is evidently different in the 
embryos from what it is in the eggs, and the facts may be written as follows: 


Water Solid 

AtaniJrinH vi^hjarin: Undeveloped etri^s 14 2 8-8 

Fmiahed embryos 3 j‘0 0 0 


This is another illustration of the rule that in fishes the egg is not provided 
with sufficient water to make the embryo, but has to absorb it from the 
environment, and, as it were, to ddute the raw materials with it. No doubt 
in the case of Acanthias, where the eggs remain within the maternal body, the 
water requir(‘d is supplied from the maternal bJoofl, but this dogfish stands 
low in the Ercolani placenta classification, for it has nothing but pits and 
inequalities on the maternal side, pressed up against the smooth horny egg- 
case. Little else than water, therefore, ])robably passes between maternal 
blood and the eggs. 

The present communication adds further to the evidence that eyclose can 
be synthesised by animal cells. To the two (‘ases of its formation in the egg 
may be added its formation by poly uric rats on ])ure diet, and by the plant, 
as has recamtly be(m shown by Easteott for y('ast. It would be interesting 
to know whether the eggs of lamellibranchiate gastropods contain enough 
myfilitol for the needs of the embryo or not. 

Summary. 

The scyllitol of the undevelop(‘d eggs and fully developed embryos of the 
selachian fish, Acanihias vulgaris, was investigated. It was fouml that just 
as the chi('k has to synthesise during its ontogeny 1)0 % of the inositol with 
which it hatches, so the dogfish has to synthesise 90 % of its scyllitol. The 
eyeloses would therefore seem not to be provided in the eggs of birds or 
fishes by the maternal organism. 

The writer’s thanks are due to Mr Richard Elmhirst and the staff of the 
Millport Marine Biological Laboratory whose kind assistance and co-operation 
made the work possible. He is also indebted to the Government Grant Com¬ 
mittee of the Royal Society for a grant whi(L covered the cost of these 
researches. 
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XL. NOTE ON ANAEROBIOSIS AND THE USE OF 
ALKALINE SOLUTIONS OF PYROGALLOL. 

By HUGH NICOL. 

From the Northern Polytechnic, Holloway, N. 7 and 
The Pathological Laboratory, Hospital for Epilepsy, W, 9. 

{Received March 25ih, 1929.) 

Effective precautions are usually taken to remove poisonous impurities 
from hydrogen used in securing anaerobiosis. It is difficult to find in bacterio- 
logical literature references to the need for recognising that a poisonous gas, 
carbon monoxide, is evolved when atmospheric oxygen is absorbed by alkaline 
solutions of pyrogalloL Wright [1928], following Burrows [1917, 1921] in 
his method of jireparing pure nitrogen from commercial cylinder nitrogen, 
took precautions to ensure that no carbon monoxide, resulting from the small 
amount of oxygen present, should pass over into the anaerobic chamber. 

The author, in conjunction with Drakeley [1925, 1929], has shown that 
all alkaline solutions of pyrogallol, of strengths likely to be used in 
practice, evolve carbon monoxide when oxygen of high purity is absorbed. 
With cylinder oxygen of about 98 % purity, amounts from 0*1 up to 
practically 10 % of carbon monoxide may be formed, and absence of agitation 
of the absorbent solution favours the production of larger amounts of carbon 
monoxide than those formed when the solution is vigorously shaken. Oxygen 
of lower purity, such as atmospheric oxygen, liberated carbon monoxide in 
all cases investigated, though the percentage evolution was smaller. 

These findings have a bacteriological import, since the conditions under 
which alkaline solutions of pyrogallol are used in bacteriology do not usually 
favour agitation of the solution during absorption of oxygen. A similar 
remark may be made with reference to some pomological investigations, as, 
for example, examination of the course of ripening of fruits in the absence 
of oxygen. 

It was also shown that all alkaline solutions of pyrogallol absorb oxygen, 
though with varying degrees of efficiency. There appears consequently to be 
no warrant for the practice of some authors of specifying with exactness a 
particular concentration of alkali, while leaving vague the amount of pyro¬ 
gallol. 

The method of Rockwell, as quoted by Stitt [1927], is of much interest. 
Rockwell calls for the use of sodium bicarbonate solution with addition of 
sodium dihydrogen phosphate, according to the formula: 

Sodium bicarbonate. 50 g. 

Sodium dihydrogen phosphate . 0*75 g. 

Water. 600 cc. 

“ Keep tightly corked.^’ 
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In use, ‘^0-5 g. pyrogallic acid and 1 cc. of the charged alkali solution” are 
mixed in situ (culture tube). 

This might seem to be an attempt to avoid production of carbon monoxide, 
but it appears to be an omnibus method for producing carbon dioxide in 
replacement of the absorbed, oxygen. As such, its chemistry is complicated, 
A qualitative study of a solution prepared according to Rockwell’s direction 
was made. It was found that at room temperature a solution of pyrogallol 
in sodium bicarbonate solution did not appreciably absorb oxygen whether 
the acid phosphate were present or not. The amount of bicarbonate specified 
did not entirely dissolve. A roughly quantitative evolution of carbon dioxide 
took place when the acid phosphate was added to the bicarbonate solution. 
When the solution was warmed in an incubator at 38®, oxygen was slowly 
absorbed, owing to bicarbonate becoming partly transformed into normal 
carbonate; carbon dioxide was given off, partly as a product of that trans¬ 
formation, and partly from the interaction of acetic acid (an oxidation product 
of pyrogallol) with the carbonates. 

A quantitative study was attempted, though, owing to the incomplete 
solubility of the components at room temperature, it was thought desirable 
to vary the quantities. 50 g. of pyrogallol were dissolved in 50 cc. of solution 
prepared according to the above formula, the solution being then made up to 
200 cc. with access of air. After standing overnight at room temperature in 
a corked bottle, the solution was transferred to a Hempel pipette; thus free 
carbon dioxide was lost. The solution was treated with four successive amounts 
of commercial cylinder oxygen of about 98*5 % purity and it was allowed to 
stand in each case without agitation for periods of 24 or 72 hours in a thermo¬ 
statically controlled water-bath at 38®. Results of analyses of the rcvsidual 
gases are given in the table. 



Volume of 

Hours in 

Percentage 

Percentage 

Percentage 

No. of 

cylinder 

thermostat 

of unabsorbed 

of carbon 

of carbon 

exp. 

oxygen cc. 

(approx.) 

oxygen 

dioxide 

monoxide 

1 

96-0 

72 

005 

64 

0-55 

2 

94-7 

24 

1-4 

36 

0*7 

3 

980 

24 

14 

1-4 

0-8 

4 

1000 

24 

3 7 

49 

1-0 


The percentage of carbon dioxide was variable, and depended largely 
upon the length of time which had elapsed between the moment the pipette 
was removed from the thermostat and the time analysis was begun. In 
Exp. 3 the pipette was allowed to stand 24 hours at room temperature before 
making analysis of the gases; the carbon dioxide was almost entirely absorbed 
during cooling. 

When measured volumes of air were admitted into the pipette, which was 
then placed in the thermostat, it was found that the final volume of gas was 
always greater than the initial volume, owing to production of an amount of 
carbon dioxide greater than the volume of oxygen absorbed. A similar 
increase of volume was found when the pipette w’^as filled with iiljprj^ses 
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(nitrogen and argon) left from a previous analysis of air. When the pipette 
was allowed to stand empty of gas, no gas was produced. It was evident that 
(‘arbon dioxide was produced during the reversible thermal transformation 
of bicarbonate into carbonate, the acid phosphate taking no part in this 
production after the initial evolution, of which the effect is lost when the 
“charged solution'’ is mixed with pyrogallol before use. 

No accurate figures can be given for the percentage of carbon monoxide 
evolved when this modification of Rockw^'ll’s solution was used as absorbent 
for atmospheric oxygen, owing to the fact that the gases w(*re measured in 
a simple Hempel burette, and not in the Bone and Whe(der api)aratus which 
was used in the earlier work. In four analyses of air, a small and just de¬ 
tectable amount of carbon monoxide was produced from about 100 cc. of air; 
since the limit of measurement of the burette readings was O-Oo-O-l cc., this 
indicated an evolution of carbon monoxide of ihe order of 0*3 %, calculated 
on the oxygen absorbed. The result was in agreement with analyses made, 
using solutions of pyrogallol in (‘.austic. potash. 

It would seem desirable that the effect of small amounts of carbon 
monoxide u])on the growth of micro-organisms should l)e investigaied, since 
even such a weakly alkaline solution of pyrogallol as the modification of 
Rockwell’s solution used in this work, is capable of evolving carbon monoxide 
when the solution is used as an absorbent of oxygen. In conclusion, it may 
be said that ther(‘ is little evidence for the idea of coTubination betw('en 
pyrogallol and alkalis in aqueous solution: the term “]nTogallate solution” 
should be abandoned in favour of “alkaline solution of pyrogallor’. 
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XLI. SEED FATS OF THE UMBELLIFERAE. 

IL THE SEED FATS OF SOME CULTIVATED SPECIES. 
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From tho Department of Industrial Chemistrij, University of Liverpool. 

(Received March 27th, 1929.) 

Attention has been directed in earlier communications [Hilditch and Jones, 
1928; Hilditch, 1928] to the juesence of ^-octadecenoic acid or petroselinic 
acid in the fatty oil of parsl('y and other seeds of the Umbelliferae. It was 
shown in the preceding paper of this series that the seed fats of two native 
wild species of the order, Hcraclcum Sphon.dylium and Angelica sylvcstris, 
contain in each case about 20 of this isomeric o1(mc acid, together with 
44-50 % of oleic, 25-35% linoleic and about 4% of palmitic acid. Seven 
other instances of Umbellate seed fats, drawn from common cultivated 
varieties, have now been examined and ])etroselinic acid has been found to 
be present in considerable amount in each case, the proportion varying from 
21)"-60 % of the total mixed fatty acids. 

It is therefore ])ossible to state with some (‘onfidence that A^'-Coctade- 
cenoic acid is ('haracteristic of seed fats of the Umbelliferae. The presence of 
this acid has not been reported, moreover, in fats originating from any other 
botanical order with the sole exception of th(‘ Araliaceae (a closely allied 
Umbellate family). (It may be mentioned that, since our former communi¬ 
cations, a further analysis of the seed fat of Hedera Helix has been published 
by Steger and van Loon [1928], who state that in this case 55 % of Ihe mixed 
fatty acids consists of petroselinic acid.) 

In the present work we have followed our usual procedure as far as 
possible, in order to obtain a quantitative measure of the various fatty acids 
present. The mixed fatty acids from the saponified fats were treated with 
lead acetate in alcoholic solution and a preliminary separation was thus 
effected into (1) saturated acids, petroselinic acid, and probably a little 
ordinary oleic acid, and (2) oleic and linoleic acids, possibly accompanied by 
traces of palmitic and jjetroselinic acids. The separation of ordinary oleic 
acid from petroselinic acid by this method is not likely to be completely 
quantitative, and therefore to that extent the results of the work must be 
considered of an approximate nature. The separation is, however, sufficiently 
marked to permit a reasonably accurate estimate of the content of petro¬ 
selinic acid in the various fats to be obtained. 
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Each group of acids was then converted into methyl esters and the latter 
submitted to fractional distillation at a very low pressure. 

Another complication, from the point of view of quantitative work, was 
the presence of non-fatty matter (frequently of a resinous character) in many 
of the ester fractions; this rendered the interpretation of the saponification 
equivalents of the latter doubtful in many cases. The same difficulty was 
encountered in the investigation of Heradenin and Angelica fats [Hilditch 
and Jones, 1928], and our experience confirms that of other workers who 
have noted that Umbelliferous seed fats are prone to be accompanied by 
unusually large amounts of non-fatty material both in the form of essential 
oils and of resinous compounds. 

Although as much volatile essential oil as possible was removed by heating 
each fat in a vacuum prior to its hydrolysis, one or two instances were met 
with (notably, the seed fats of fennel and carrot) in which there remained 
some volatile compound of an unsaponifiable nature which eventually came 
over in the more volatile fractions of the distilled methyl esters. 

Again, the saponification equivalents of the main ester fractions from 
certain of the fats (notably celery and parsnip) were sometimes erratic, 
apparently owing to small proportions of resinous (? lactonic') compounds 
which tended to distil along vrith the methyl esters. 

The residues from the methyl ester distillations of course contained 
comparatively large amounts of non-volatilc unsaponifiable matter, which, 
especially by reason of its dark colour, made the determination of mean 
saponification equivalents of these fractions extremely difficult. 

Qualitative examination of the fatty acids present in the methyl ester 
fractions obtained indicated m all cases that the acids present were only 
palmitic, petroseliiiic, oleic and linoleic^; no saturated acid lower than palmitic 
was detected, and the hexabromide test failed to disclose the presence of any 
Hnolenic acid in any of the specimens examined. Consequently the numerical 
calculations have been based wherever possible on the observed iodine values 
rather than the equivalents, except that in those fractions containing large 
amounts of unsaponifiable matter (that is, the residual non-volatile fractions 
and certain of the lowest boiling fractions in the cases of fennel, carrot and 
caraway) the proportion of unsaponifiable matter has been determined from 
the saponification equivalent figures. 

Experimental. 

The seed fats investigated were extracted by means of carbon tetrachloride 
from the ground dried seeds. We are much indebted to Mr T. E. Miln, of 
Messrs Gartons Ltd., who very kindly procured for us supplies of the various 

1 The methods euaployed in these investigations have not disclosed up to the present the 
occurrence oi a diethylemc acid structurally related to '-octadecenoic acid rather than to 
A** ’^’.ootadecenoic acid; but the possibility of the existence of such an acid should not be 
overlooked. 
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seeds and ensured that the material handled was of definite botanical origin. 
The crude seed fats obtained by the solvent extraction (in amounts varying 
from 350-950 g.) had the characteristics shown in the following table. 

Table I. 

Characteristica of seed fat 

,_A_ . 

C ^ 

Unsaponifiable 

matter 




]*'at 

Saponifi¬ 

Acidity 
(as 2^; 



Volatile 



content 

cation 



(up to 


Common 

of Heed 

equi¬ 

oleic 


Non¬ 

1507 

Species 

name 

o/ 

/o 

valent 

acid) 

I.V. 

volatile 

1 mm.) 

Focmruliim rapt Hart am 

i. 

Fennel 

13-3 

309-4 

16-9 

87-9 

11-3 

5-0 

ejUli). 

DavriLs Carol a l^inn. 

(-'arrot 

15-9 

307-7 

8-0 

lOG-4 

13-25 

0-9 

Coriandram sailinirn 

Coriander 

8-8 

289-0 

28 0 

89-5 

9-27 

1-1 

Linii. 

Aphon cfraveolens Linn. 

CVlery 

14-4 

291-8 

5-7 

129-1 

2-9 

15-2 

Pasliriara sat Ira Linn. 

l^arsnip 

17-3 

272-1 

12-9 

92-7 

2-6 

— 

Chaf'ro pht/iJu m sa f tv a m 

Chervil 

1L3 

295-3 

1-7 

139-4 

3-3 

— 

(Lirtn. 








('arum C'arri Linn. 

('araway 


300-9 

9-9 

112-1 

0-9 

13-9 


The volatile essential oils removed by vacuum treatment of the heated 
CTude fats W(n'e not further investigated, since they had no bearing on the 
immediate purpose of the research. The non-volatile unsa])onifiable matter 
was not removed from the fatty acids prior to further treatment, but was 
left to acTuniulate in the residues from the ester distillations. 

The crude seed fats (after removal of volatile matter as described) were 
Ba])onified with excess of alcoholic potash, and the mixed crude fatty acids 
isolated and dried. 

The fatty acids (1 part) were dissolved in boiling 95 % alcohol (5 parts) 
and mixed with a ])oiUng solution of lead acetate (0*7 part) in 95 % alcohol 
(5 ])arts). After boiling for a few minutes the mixture was set aside overnight 
at room temperature and the separated lead salts were removed by filtration 
next morning. The insoluble lead salts were recrystallised from a volume of 
95 % alcohol equal to that employed in the original separation, and separated 
by filtration after standing at room temperature overnight. The recrystallised 
insoluble lead salts were conv^erted back to the fatty acids, and are referred 
to below as solid” acids. The mother liquors from the recrystallisation were 
(except in the case of parsnip seed fat) united with the original alcoholic 
filtrates, and the recovered acids therefrom are denoted as “liquid” acids. 
In the case of the parsnip fatty acids the “liquid” acids from the two alcoholic 
filtrates were worked up separately. 

The yields of the two groups of acids from the various seed fats are shown 
in Table IL 

Each group of fatty acids obtained (1 part) was separately dissolved in 
methyl alcohol (2 parts) and heated under reflux in presence of 2 or 3 % of 
sulphuric acid for 2 hours; this effected almost quantitative conversion into 
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the corresponding methyl esters which, after removal of most of the excess 
of methyl alcohol, were taken up in ether and washed with dilute sodium 
carbonate solution until neutral. The crude neutral methyl esters were heated 
in a vacuum at about 100° to remove the last traces of solvent and were 
then fractionally distilled. 

Table II. 



“Solid” 

A 

aeidH 

“Liquid ” 

7. .... 

aeidH 

8oc*d fat 

f - 

O 

o 

' ^ 

I.V^ 

7- 

(> 


Fonnol 

()0-2 

83-1 

;io-8 

110-2 

eVuTOt 

57-1 

87-0 

42 0 

145-5 

Coriander 

r)9d5 

70 8 

40 4 

104 7 

Celery 

54-0 

84*8 

4()-0 

110-5 

I’arsnip 

40-2 

87-h 

21-7 

128-2 




32 1 

110 0 

Chervil 

57-5 

100-7 

42 5 

175 7 

Caraway 

28-7 

80-2 

71 3 

127 5 


The results of the methyl ester separations are siirariKHi up in the next 
series of tables, together with the calculated composition of the individual 
fractions, determined in the majority of cases (as already stated) from the 
iodine values in conjunction with the data obtained by r|ualitati\e examina¬ 
tion of individual ester fractions. 

For those fractions which contained notable amounts of iinsaponifiable 
matter it was essential to utilise in addition the say)onification equivalents: 
in these instances the soap solutions from the saponih(‘d (‘sf ers were thoroughly 
extracted with ether, and the saponification equivalent and iodine value of 
the recovered fatty acids (freed from unsaponifiable matter) were then de¬ 
termined. These values calculated back to the corres])onding imdhyl esters 
are (when necessary) inserted in the tables between brackets. 

For purposes of identification, individual ester fractions were hydrolysed 
and the resulting soaps oxidised by means of dilute ice-cold alkaline per¬ 
manganate solution according to the directions of Lap worth and Mot tram 
[1925]. The liberated mixture of dihydroxy- and tetrahydroxy-stearic acids 
was boiled with light petroleum (b.f, 40-50°) to effect the removal of any 
saturated fatty acids; the latter (only palmitic acid was detected) were 
purified by crystallisation from aqueous alcohol. The crude hydroxystearic 
acids were boiled with water in order to remove any sativic acid and then 
crystallised from ethyl acetate. 

Petroselinic acid was readily identified in the form of the corresponding 
6 : 7-dihydroxystearic acid, which melts at 121-122°. The 9 : 10-dihydroxy- 
acid from ordinary oleic acid, which melts at 130°, was used to define the 
presence of A*^-^^-oleic acid. In all cases the identity of the compounds was 
checked by determination of mixed melting point with authentic specimens 
of the respective acids. 

In several cases a dihydroxystearic acid (or quite possibly an equilibrium 
mixture of acids) was encountered which melted consistently at 113-115°. 
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This substance was only met in oxidation products from the “liquid” esters 
and it is possible that it indicates the presence, in the acids with soluble 
lead salts, of a certain amount of petroselinic acid; alternatively, it must be 
borne in mind that there is some possibility that a linoleic acid corresponding 
with petroselinic acid may be present in fats of this ty])e. If such an acid 
exists, the means at present employed in the isolation of petroselinic acid 
are insufficient to lead to its separation. 

AVe may now proceed to tabulate the analytical data which we have 
obtained for the seven seed fats investigated. 


Table III. FeuHeL 
Methyl esters of ''solid'' acids. 


Eh tini at pc] o() i)i posi ti on 


.Palnii- Potro- Unsnponi- 


No. 

(V. 

J5.J\/l niin. 

Sap. equiv. 

l.V. 

tate 

selinate 

liable 

S 1 

t)'5 

129 144 

284-8 

98-9 

1-3 

5-2 

— 

S 2 

2r)-H 

144/147 

2f)4-r> 

72-9 

3-9 

21-9 

— 

S 

7r)‘‘) 

147,, Ids 

298-:i 

84-r> 

— 

75-9 

— 

S 4 

7-(> 

Ut'SKlue 

441-7 (:U5-7) 

89 7 

— 

5-1 

2-5 


lld-8 




5-2 

108-1 

2-5 





as esters 

4-4 

93-4 

2-2 





% as aeuls 

4-4 

93-3 

2-3 


Methyl esters of ''liquid'' aeids , 


L ] ti-5 

L 2 5-0 

1.2 4:i-8 

L4 Uil 

80 142^ 
142/145 
145/147 
Kesidue 

343-7 (279-5) 71-7 

300-7 (283-7) 102-H 

294 2 120-5 

500-0 (345-9) 97-8 

Pa Imi¬ 
tate 

1-4 

0-5 

Oleatc 

2-3 

2-5 

2(i-3 

5-2 

Lin- 

oh-ate 

l-t> 

P7 

17-5 

3-3 

Uiisap. 

1-2 

0-3 

7-0 

71-4 



1-9 

30-3 

24-1 

9-1 



as est(-rs 

2-0 

50-9 

33-7 

12-8 



as acids 

2-0 

50-0 

33-5 

13-3 

Eraction 


Fatty acids idtmtified 




S 1 

Palmitic, M.P. 00-01" {cn. 20 of fraction); (>: 7 

-dihydroxyslt-aric, M.P 

. 121^ 


S 3 () : 7-l)ihydroxystcaric\ M.E. 12(>-121 and a trace ot .saturated acid 

L3 Dihydroxystearic mixture ('/). M.P. 


Estimated composition of mixed fatty acids. 



‘SSolid” 

0^ 

0 

00-2 

“Liquid” 

o 

/<) 

39-8 

Total 

rV'rcentacie 

{cxeludiny 

unsaponifiable) 

Palmitic 

2-0 

1-1 

3-7 

4 

Petroselinic 

50-2 


50-2 

00 

Oleic 

— 

20-1 

20-1 

22 

Linoleic 

— 

13*3 

13-3 

14 

Unsaponifiable 

1-4 

5-3 

0-7 
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Table IV. Carrot, 

Methyl esters of ^solid'' aeids. 

Estimated composition 











Em 






Palmi- 

Petro- 

aaponi - 

No. 

g* 

B.P./l mm. 

Sap. equiv. 

LV. 

tate 

selinate 

6 able 

S 1 

5*4 

09/138^ 

291'5 

73*2 

0-8 

4*6 

— 

S 2 

33*1 

138/149 

293*9 

81*6 

1*6 

31*5 

— 

S3 

12*4 

149/152 

295*4 

84*6 

0*1 

12-3 

— 

S4 

34* 1 

152/153 

296*4 

86*0 

—. 

34*1 

— 

S 5 

IPS 

Residue 

326*1 

80*0 

— 

10-4 

1*1 


96'5 




2*5 

92'9 

M 





% as esters 

2-7 

96-2 

M 





% as acids 

2*7 

96*2 

1*1 


Methyl esters of'liquid" acids. 


L 1 
L2 
L3 
L4 
L5 

7-1 

6*9 

]0'5 

28*8 

13*5 

118/149'" 

149/154 

154/156 

156/160 

Residue 

624*3 (282*0) 
330*9 (298*4) 
303*8 

298*8 

373*1 

154*9 (93*1) 
123*1 (103*6) 
138*2 

141*9 

91*4 

Palmi- 

tate 

M 

1*7 

Olc.itc 

0*7 

1*6 

4*2 

10'2 

3*8 

Idn- 

oleale 

1*4 

2'9 

(‘>*3 

18*6 

6*9 

Uusap. 

3*9 

0*7 

2*8 


66*8 




2*8 

20*5 

36*1 

7*4 





as esters 

4*1 

30*8 

54* 1 

11*0 





as acids 

4*1 

30*6 

53*8 

11*5 


Fraction Fatty acids identified 

S 1 Palmitic, M.P. G3‘5'’ {ca, 20 % of fraction); 6 : 7-dibydroxyytearic, H.P. 120-12F 
S 4 () : T-Dihydroxystearic, M.P. 121-121*5 ' 

L4 lliliydroxystearic mixture (?), M.P. 113-115^ 


Estimated composition of mixed fatty acids. 



“Solid” 

“Liquid” 

0/ 

;o 


I'ercentage 


O’ 

0 


(excluding 


57*1 

42*9 

Total 

uiisaponifiable) 

Palmitic 

1*5 

1*8 

3*3 

4 

Petroselinic 

54*9 

— 

54*9 

58 

Oloic 

— 

13*1 

13*1 

14 

LinoJcic 

— 

23*3 

23*1 

24 

Uiisaponifiable 

0*7 

4*9 

5*6 

— 


Table V. Coriander, 
Methyl esters of'solid" acids. 


Estimated composition 


No. 

S 1 
S2 
S.3 
S4 

8*3 

7*7 

81*6 

15*6 

B.P./l mm. 
110/147'" 
147/152 
145/146 
Residue 

Sap. 
equiv. 
278*8 
283*3 
291 0 
571-6 

I.V. 

54-0 

61-4 

79-2 

78-5 

Palmi- 

tato 

3*1 

2*2 

6*2 

Petro- 

selinate 

5*2 

5*5 

75*4 

8*1 

Unsaponi' 

fiable 

7*5 


113*2 




11*5 

94*2 

7*5 





% as esters 

10*2 

83*2 

0*6 





% as aeids 

10*1 

83*0 

6*9 
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Table V {coni.) 

Methyl esters of “liquid’^ acids. 


Estimated composition 


L 1 
L2 
L;i 

G-2 

51-8 

120 

70/140^ 

140/143 

Residue 

291-4 

293-4 

473-3 

71-7 

102-1 

89-4 

Palmi- 

tate 

1-9 

Olcate 

3-5 

42-1 

0-1 

Lin- 

oleato 

0-8 

9-7 

1-4 

Unsap. 

4-5 


70-0 




1-9 

51-7 


4-5 





as esters 

2-0 

73-9 

17-1 

0-4 





^]^y as acids 

2-0 

73-7 

17-0 

0-7 


Fraction Fatty acids identified 

S I Palrnilic acid, M.P. 57-59'^ (ca. 15 % of fraction); (i ; 7-dihydroxystcaric, 
M.P. 119-120'^ 

8 2 an(i S 3 0 : 7 -I)i hydroxy stearic, M.P. 120-12 P, witli traces of saturated acids 
L 2 9 : lO-Dihvdroxvstearic, M.P. 128-129'"’, with some tetrahvdroxvstearic, 

M.P. 171-172^ 


Estimated composition of mixed fatUj acids» 


Palmitic 

“Solid” 

o 

() 

59-0 

0-0 

“Liquid” 

40-4 

M 

Total 

7-1 

Percentage 

(excluding 

unsaponitiable) 

8 

Petroselinic 

49-5 

— 

49-5 

53 

Oleic 

— 

29-7 

29-7 

32 

Linoleic 

— 

0-9 

(i'9 

7 

Unsaporiifiaijlc 

4-1 

2-7 

0-8 

— 


Table VI. CeleTij. 

Methyl esters of solid^^ acids. 

Estimated composition 





Sap. 


Palmi- 

Petro- 

Lin- 

Unsaponi- 

No. 

g- 

B.P./l mm. 

equiv. 

LV. 

tate 

selinato 

oloato 

liable 

8 1 

4-2 

85/143^ 

282-0 

07-8 

0-9 

3-3 

— 

_ 

S 2 

21-7 

138/142 

280-4 

70-8 

2-3 

19-4 

— 

— 

S 3 

19-4 

143/147 

289-3 

88-2 

— 

18-9 

0-5 

— 

84 

10-7 

148/150 

289-9 

88-0 

— 

10-3 

0-4 

— 

8 5 

7-9 

Residue 

309-2 

78-8 

— 

7-3 

— 

0-6 


03-9 




3-2 

59-2 

0-9 

0-0 





as esters 

4-9 

92-7 

1-4 

1-0 





% as acids 

4-9 

92-7 

1-4 

1-0 



Methyl esters of liquid'^ acids. 








Palmi- 


Lin- 







tate 

Uleate 

oleate 

Unsap. 

L 1 

4-2 

so/ids'" 

277-9 

105-2 

0-0 

2-1 

1-5 

_ 

L2 

28-0 

155/157 

270-8 

12.3-1 

— 

10-3 

12-3 

_ 

L3 

4-4 

157/158 

288-4 

121-3 

— 

2-0 

1-8 

_ 

L4 

9-5 

Residue 

279-4 

101-0 

— 

4-7 

3-3 

1-5 

A 

40-7 




0-6 

25-7 

18-9 

1-5 

• 




as esters 

1-3 

55-0 

40-4 

3-3 





% as acids 

1-3 

54-9 

40-3 

3-5 

Fraction 



Fatty acids identified 




S2 

Palmitic, M.P. 58-59^^; 

; 0 : 7-dihvdroxystearic, M.P. 

120-12U 



S3 

0 ; 

7-Dihydroxystearic, M.P. ! 

121-122^^ 





L2 

Dihydroxy stearic mixture (?) 

170-171. 

, M.P. 113“115'^, tetrahydroxsytearic, M.P. 



170-171*5^ 
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Table VI {coni.) 


EstimQU^d composition of mixed fatty acids. 



“Solid” 

o/ 

'O 

540 

“Liquid” 

a 

/O 

40*0 

Total 

Palmitic 

2*0 

0*0 

3*2 

l^etroselinic 

50*1 

— 

50-1 

Oleic 

— 

25-:i 

25*3 

Linoltdc 

0*7 

18*5 

10*2 

Unsaponifiable 

0*0 

1*0 

2*2 


Percentage 

(excluding 

unsaponifiable) 

3 

51 

20 

20 


Table YII. Parsnip. 

Methyl esters of soluV^ acids. 

EHtiniated composition 


N('). g. 

P.P./l nim. 

Sap. 

J^almi- 

Petro- 

Llnsaponi - 

e({uiv. T.V. 

tate 

seliriate 

liable 

S 1 5-9 

ir>S/10(P 

28M 79*9 

0*4 

5*5 

— 

S2 lS-5 

]()0/10J 

285*0 85*5 


18*5 

— 

S 3 4’4 

Rehidue 

350*0 79*4 


4*1 

0*3 

28*8 



0*4 

28*1 

0 3 



t’o esters 

1*4 

97*5 

1*1 



Jis acids 

1*4 

97*5 

M 


Methyl esters of '' HqiiuV 

’ acids L 1 




(from first crystallisation of lend salts) 






Oleate ] 


Unsiiponi- 




Linoleate 

liable 

L L1 3-1 

119/157^ 

291*4 130*0 

1*5 

1*() 

_ 

\u\!-l 4-<i 

157/159 

291*5 127*0 

2*4 

2 2 

_ 

L l/I! 4-8 

Ttesiduo 

300*5 1J!*2 

2*2 

2*0 

0*(> 

12*5 



0*1 

5*8 

0*0 



as (asters 

48*5 

4(i*5 

5 0 



as acids 

48*4 

40*4 

5*2 


Methyl esters of‘'liqukr' 

acids L 2 




(from 

recrystallisatioii of lead vsalts). 






Palm 1 la to 

Olcato 

Linoleate 

L 2/1 4-0 

108/154° 

289*8 109*2 

0*2 

2*5 

1*3 

L2/2 11*2 

154/155 

297*2 110-0 


7*3 

3*9 

1.2/3 4-4 

Keaidtje 

299 4 110 3 

-- 

3*2 

1*2 

19*0 



0*2 

13*0 

0*4 



% as esters 

1*2 

00 0 

32*8 



% as acids 

1*2 

00*0 

32*8 

Fraction 


Fatty acids identified 



S 2 0 : ’ 

Ll/2 9; 

7-I)ihvdroxystearic, M.P. 122°, with trace saturated acid 
lO-Dinydroxystearic, M.P. 129^-130° 



1j 2/2 Jlihydroxystearic mixture {?), M.P, 113-114'^ 





Estimated composition of mix^d fatty acids. 

“Liquid” 



“Solid” 

L 1 


% 

0/ 

/o 


46-2 

21-7 

Palmitic 

0*7 

— 

Petroselinic 

45*0 

__ 

Oleic 

— 

10-5 

Linoleic 

— 

101 

Unsaponifiable 

0-5 

M 


L2 

% 

32*1 

Total 

Percentage 

(excluding 

unsaponifiable) 

0*4 

M 

1 

— 

45-0 

46 

2L2 

31*7 

32 

10*5 

20*6 

21 

— 

1-ti 

— 
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Table VIII. Chervil. 


•Methyl enters of ‘"solid” acids. 

E.stiina1(‘(l composition 





Say). 


Palmi- 

J’etro- 

Lin- 

Unsayioni- 

No. 

g* 

B.P./l mm. 

ecjuiv. 

I.V. 

late 

selinate 

oleate 

fiable 

S 1 

3*4 

90/14r 

282*7 

91-3 

0-5 

2-2 

0-7 


S 2 

421 

141 145 

283-0 

93-0 

4-8 

28-8 

8-7 

— 

S .3 

10* 1 

14,7/149 

290-7 

107-7 

— 

7-8 

2-3 


S 4 

7 3 

Pvcsidue 

313-0 

110-3 

— 

7-3 

1*0 

0-4 


02-9 




7-3 

44-1 

13-1 

0-4 




o 

,, as est<‘rs 

8-4 

70-1 

20-8 

0-7 





as acidh 

8-4 

70-1 

20-8 

0-7 



Methyl esters 

ftf '^liquid 

acids. 








Palini- 


Lin- 







tale 

OJeate 

oleate 

Uu saj). 

L 1 

0-1 

11.7/174" 

287-9 

173-7 

0-<) 

o-l 

7-0 

— 

b 2 

08-3 

174/1.77 

298-7 

172-3 


0-4 

07-9 

— 

L 3 

3-S 

1.7.74.77 

2^)1-1 

170-7 


0 1 

3-7 

— 

L4 

104 

H»*sidue 

25)2-4 

137 7 

-- 

0-2 

8 1 

2-1 


S8-2 ()•() O-S 81-7 2-1 


as esters 0-7 O S IHl-J 2-4 

as acids ()-7 (t-S Uo-l) 2-() 

I^'raetion Patty acids ideniiliod 

S 1 Palniitie. M.P. .77 .7!) ; (> : 7-dihvdro\'vslenrie, M.P. 120 121 ' 

S 2 J*almitie. M.P. 00 -(>1 : 0 : 7-dihydn)XYsten?i<\ M.P, 1.21- J22' 

1j 2 1 )iiivdro.\ys1.('arie mixiui*' (?), i\L17 l l.VIU tedrahydroxystcane, M.P. ]09-17tP, 

witii traces of saturated acid (ALP. dO-,72 ) and water-soluble tetrahydroxy- 
steairie acid (.M.l\ loO ) 

No liiiolenie acid was jirescait (absence of insoluble* hexabromidos) 


Estiinated conipositio)} of hiixcd faitij acids. 



‘■Solid*’ 

Liipiid” 


Pt.Tcentage 



(> 

V) 


(excliidinc: 


77-7 

42*7 

Total 

unsayjonifiablc) 

Palmitic 

4-8 

0-3 

7-1 

5 

Petroaclinic 

40-3 

— 

40-3 

41 

()Ieic 


0-3 

0 3 

0-5 

Linoleic 

12-0 

40-8 

72-8 

73-7 

Unsayjoiiiliable 

0-4 

M 

1-7 



Tnble IX. 

Caraway. 




Methyl esters of 

^'solidd^ acids. 




Esl imated composition 


Un- 


No. 

g* 

B.P./l mm. 

Sap. ccyuiv. 

I.V. 

Palmi- 
tate 

Petro- 

selin.ato 

sapoiii 

liable 

S 1 

1^5 

123/130’ 

287*2 

00*7 

2-8 

9-7 

.— 

S 2 

13-0 

130/132 

289*0 

79*8 

0-9 

12-7 

— 

vS 3 

14-5 

132/133 

290-1 

84*9 

0-2 

14-3 

— 

S4 

4*7 

Residue 

397*1 (357*0) 

04*2 (03*9) 

— 

3-7 

1-2 


45*3 3d) 40*2 1-2 

% as esters 8-6 88-7 2-7 

% as acids 8-G 88*0 2*8 


Bioebem. 1929 xxiii 


.2—2 
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Table IX (cent.) 

Methyl esters of^‘liquid^^ acids. 


Estimated composition 







r -- 









Palmi- 


Lin* 







tale 

Oleate 

oleate 

Unsap. 

L 1 

3-9 

100/142^ 

310-7 (293-9) 

114-0(114-0) 

0-3 

1-9 

■ 1-5 

0-2 

L2 

18-9 

142/144 

295-9 

112-0 

— 

13 2 

5-7 

— 

L3 

49-3 

144/14G 

298-2 

123-7 

_ 

27-9 

21-4 

— 

L4 

23-7 

14G/148 

29G-0 

129-4 

—. 

11-8 

11-9 

— 

L5 

13-8 

148/149 

295-9 

127-3 

— 

7-2 

0-0 

— 

L G 

15-() 

R<‘siduo 

4G9-3(33G-1) 

122-1 (77-3) 

— 

5-1 

4-7 

5-8 


125-2 




0-3 

G7-1 

51-8 

0-0 





% as esters 

0-2 

53-0 

41-4 

4-8 





% as acids 

0-2 

53-5 

41-3 

5-0 


Fraction Fatty acids identified 

S 1 Palmitic, M.P, f)l-f)2^• (>: 7-dihydroxystearic, M.P. 121 -122^ 
S3 G : 7-DihydroxyBtearic, M.P. 120- 121'^ 

L 4 Mixture of dihydroxystearic acids 


Estimated composition of mixed fatty acids. 



“Solid” 

“Liquid” 


Percentage 


O 

/O 

% 


((‘deluding 


28-7 

71-3 

Total 

unsaponifiable) 

Palmitic 

2-5 

0-1 

2-0 

3 

Petroselinic 

25-4 

— 

25-4 

20 

Oleic 

— 

38-2 

38-2 

40 

Linoleic 

— 

29-4 

29-4 

31 

Unsaponifiable 

0-8 

3-0 

4-4 

— 


Discussion of results. 

Inspection of the above tables shows that, whilst the quantitative inter¬ 
pretation of the results cannot reach the order of accuracy obtainalile by the 
fractionation method in the absence of volatile resinous and unsaponifiable 
matter, the latter is concentrated for the most part in the methyl esters of 
those acids, the lead salts of which were soluble in alcohol. The analyses of 
the methyl esters derived from the insoluble lead salts are comparatively 
straightforward, and qualitative tests led to the ready identification of petro- 
selinic acid, in the form of the characteristic 6 : T-dihydroxystearic acid, and 
of palmitic acid. Consequently the figures quoted for the percentages of 
petroselinic acid are quite definite, and provide the necessary data for the 
main object of the investigation. 

It is convenient- to summarise the final results for the composition of the 
mixed fatty acids of each of the seven seed fats at this point. 


Lino 

Unsa]^ 


Table X. Percentage composition of fatty acids. 



I‘almitic 

Petroselinic 

Oleic 

Linoleic 

Fennel 

4 

00 

22 

14 

Carrot 

4 

58 

14 

24 

Coriander 

8 

53 

32 

7 

Celery 

3 

51 

26 

20 

Parsnip 

1 

40 

32 

21 

Chervil 

5 

41 

0-5 

63-5 

Caraway 

3 

26 

40 

31 
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Quite evidently, petroselinic acid occurs in abundance in each of the seed 
fats now examined. The proportion in each case varies, however, somewhat 
widely, and whilst, on the one hand, the lowest figure (26 % in the case of 
caraway seed fat) is higher than that in lleradeum or Angelica (20 % [Hilditeh 
and Jones, 1928]), the highest values now recorded (58 % in carrot seed fat 
and 60 % in fennel seed fat) are much lower than the corresponding value 
for parsley fat (76 % [Hilditeh and Jones, 1927]). It is, of course, impossible 
to make any speculations as to the cause of the varying proportions of the 
acid in different genera, or even to suggest why Umbelliferae and some related 
orders of ])lants should elaborate an isomeric form in addition to the usual 
oleic acid. The variability in composition may, however, be contrasted walh 
the case of the l^almae, in wdiich genera .so diverse as Cocos mteifera, Elaeis 
giiineensis and Attalea Cohunc contain not only the same mixture of fatty 
acids but (within 2 or 3 %) the same proportions of the predominating com¬ 
ponents, lauric, myristic and palmitic acids [Hilditeh, 1928]. 

An attempt was made in the case of fennel, carrot and caraW'ay seeds to 
determine whether the composition of the endosperm fat differed materially 
from that ot the fatty oil ])resent in the vittae. The dried seeds wore ground 
up and then exposed to a current of air in such a waiy that the lighter frag¬ 
ments of the rnericarp structure w'ere displaced and the heavier partiedes 
colh'cted. The results, however, wau-e quite inconclusive, for on separating 
the fatty acids obtained from the fat in the concentrated heavy material by 
the lead salt method, the data observed w-ere as follow^s: 

Table XI. 



Fennel 

Carrot 

Caraway 

Whoh> seed: 



% Fatty oil 

13 

k; 

9 

“ Solidtatty aciiivS: total acids 

hO 

37 

29 

Iodine value 

83 1 

87-0 

SO-2 

Separated seed: 




Percentage of whole seed 

74 

84 

93 

% Fatty oil 

21 

15 

15 

“Solid’’ fatty acids; total acids 

m 

47 

19 

Iodine value 

81-2 

82 5 

71-9 


So far as can be judged from this experiment, therefore, the variation in 
percentage of petroselinic acid does not seem to be connected wdth varying 
proportions of vittae fat and true seed fat in the different seeds. 

The amount of palmitic acid, the only saturated acid present in these 
seed fats, is comparatively small and constant, the average figure being in 
the neighbourhood of 3-4 % of the total fatty acids. 

Oleic and linoleic acids, which make up the remainder of the total fatty 
acids, are not present fin constant relative proportions; but in the cases of the 
seed fats of fennel, carrot, celery, parsnip, and caraway the amount of oleic 
acid present is from 40-60 % of the combined oleic and linoleic acids, and in 
several cases the proportions are of much the same order. 


22—2 
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The oleic and liiioleie acid contents of chervil seed fat stand apart from 
the rest, since this portion of the chervil fatty acids was found to consist 
almost exclusively of linoleic acid; the tetrahydroxystearic acid of melting- 
})oint 1()9-170^ was obtained in quantity from this acid, which therefore woiild 
a])pear to consist largely of the usual ^'^-linoleic acid. 

The low linol(ac acid content of coriander seed fat may well be due to 
accidental circumstances, the seed in this case having det(‘rioratcd somewhat 
during storage; and therefore we do not attach too much significance to this 
particular figure. 

SUMMAUY. 

Seven further seed fats from cultivated species of the order Umbelliferae 
have beam examined, and it has been found that "-octadi'cenoic (petro- 
selinie) acid is ])resent in quantity in all cas('s. The view that tlu' ])resence of 
this acid is characteristic of I^mbellate seed fats is thus strengthened. 

The other components of the mixed fatty acids are ]>almitic acid in small 
cjuantity (I 8 %), together with A'^'’^‘-octadecenoic (ordinary oleic) acid and 
linoleic acid in somewhat varying proportions. 

The fatty oils are accompaniial in all cases by oonsidi'rablc amounts of 
unsa])oniiiable and resinous matter, which rimdtu’s tlu' (ju.intitative investi¬ 
gation somewhat less certain than m other cases in which it has beem ap])lied. 
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XLII. THE DISTRIBUTION OF REDUCING 
SUBSTANCES BETWEEN PLASMA AND 
CORPUSCLES; A COMPARISON OF 
VARIOUS BLOOD-SUGAR 
METHODS. 

Bv FIIEDA XATHAKINK HERBKBT' axd JBDA (iROBN^. 

From thr DeparltncDi of (^homiral Faihologp, St fiartholomcir's 
Hospital, London. 

{Uercirvd April drd, 1029.) 

Ti 7M distrihution of “sii^ar" bet\v<‘eii ])lasnia and corpusc'lcs has Ixani tin' 
subject of much discaission, and tin* results obtained })y didcrent workers 
Jiave sliowri widr variation. Wo slnill imt attempt to surv(‘y the literature 
luu’c; a summary is yiven in a. pap<‘r by \Vit‘chmann |lb2f|. In view of tlie 
work of dc \V(‘sselow [ldl9| it seemed jirobabh^ that tin* v.nhition mitii^ht lie, 
in part, explaim^d by diderenees in th(* methods of })lood-suyar (‘stimation. 
])(* W (‘sselov compared Mae Lean's method witli tlie Jn*wis-Benedict nn'thod, 
and f(jund that wlu‘r(*as the dis(‘r(‘[)anei(*s ])(‘tw(*en the methods on jdasma 
were small, Maeljcan’s nndhod always yavi* (considerably h)W(*r iigurc'S on 
eorpuseli's. 

In a [)r('liminary experim(‘nt, on oxalated slieoji's lilood, we ma(h* a similar 
comparison b(*twc'cn the* methods of Maelican and of Folin and Wu. In addition 
to tin* direct determination, tin* eorpuseJe-su^ar was calculated from the 
figures for jilasma and whole blood, and the haematoerit r(‘ading for tin* 
corpuseh* volume. The results were as follows (mg. j)er lOdec.). 

Whole Corpuscle Cor}>uscl(S 

Plasma hlooU <l(*po.sit calculated 

lUacLt'an 4S .’{() U 0 

P^oliii-Wu ol 30 33 48 

These striking figures led us to undertake* a full(*r investigation of the dis¬ 
tribution of reducing substances btdween jilasma and corpuscles as deter¬ 
mined by various methods, but for the main investigation we worked upon 
fresh human venous blood. 

Experimental. 

The subjects of our experiments were healthy adults, men and women, 
sometimes examined fasting, and sometimes after an ordinary meal or after 
a dose of glucose. 


^ Holding a grant from the Medical Re.search Council. 

^ Working witli grants from the Rosenberg-Stokvis-Biachoffslieim funds. 
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“Sugar” was determined directly in whole blood, plasma, and corpuscles. 
In addition, the corpuscle-sugar was calculated from tlie figures found for 
whole blood and plasma and the haematocrit reading for the corpuscle volume. 
As the figures determined directly on the corpuscle deposit were open to 
objections (they might have been too high as a r(;sult of insufficiently close 
packing of corjmscles, or too low owing to glycolysis during the time of 
s]mining) we have f abulated only the calculated figures for corpuscles. 

In the majority of experiments the procedure was as follows. A sample 
of blood taken by vein puncture was run into a paraffin-coated tube, and a 
s(‘cond sample taken immediately after into a tube containing potassium 
oxalate. The oxalated blood was used for determinations of sugar in whole 
blood. The sample in the paraffin-coated tube was centrifuged at once for 
2 4 minutes at 3000 r.p.m., and the plasma was pipetted off and oxalated. 
Hie cnrpuscle deposit was oxalated and centrifuged for a further 10 minutes. 
There was vcuy rarely any clotting in the pa raff ui-lined tube. This procedure 
is indicated in the tables as “paraffin-tube teehnic|ue.’’ In oxalating the 
samples of whole blood, and of plasma and cor})uscles after se])aration, care 
was taken to avoid an excess of oxalate—the amount present was a})proxi- 
mately 0*15 to 0*3 %. 

In a few experiments the whole sample of blood was defibrinated, and 
no anticoagulant used at any stage; in a few others the whole sample was 
oxalated. 

We were able to complete the measurement of our samples into the 
a])propriate diluting fluids in less than half an hour from the time of puiK'turc, 
even when many methods were used. Thus there is little risk of error due to 
glycolysis. 

The methods'we have used are: 

(1) MacLeaiTs method 11919]; 

(2) the Folin-AVu method [1920]; 

(3) the ^^hafier-Hartmann method as modified by Somogyi [1926]; 

(1) the metliod of Hagedorn and Jensen as origiiudly described, using 
zinc hydroxide filtrates [1923]; 

(b) the method of Hagedorn and Jensen applied to tungstic filtrates 
[Hiller, Linder and Van Blyke, 1925; Hawk and Bergeiin, 1926]; 

(6) the modification of the Kolin-Wu method recently introduced by 
Ihuiedict [1928] in which the sensitiveness of the copper reagent is 
diminished by addition of alanine, sodium nitrate and NailSOg. This 
method is indicated in the tables as the Benedict (1928). 

A further note on the preparation of the tungstic filtrates is necessary. 
Tlie amounts of 10 % sodium tungstate and 2/3 N sulphuric acid were ad¬ 
justed according to the difiererit protein content of plasma, whole blood, and 
corpuscles. For 1 volume plasma, | volume of each of the reagents was used; 
for 1 volume whole blood, 1 volume of each; and for 1 volume corpuscles, 

volumes of each; the total being always made up to 10 volumes. These 
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tungstic filtrates were used for four different methods—Folin-Wu, Shaffer- 
Hartmann, Hagedorn and Jensen, and Benedict (1928). 

In using the colorimetric methods, a standard of a])])roximately the same 
strength as the blood filtrate was always used. 

All determinations were made in duplicate. 

We have checked our technique in all the methods by experiments with 
glucose solutions and glucose added to l>lood. 

Our results are given in Ta})les I and If. 


Table L Co)r)parisons hctwern the MacLe<t)) and FoJin-Wu niethods. 


Ut'diicing substance as glucose Jtatio 
inii;. per 100 co. J^lasraa 







Whole 

Cor- 

(Corpuscle 

Date 

Subject 

Remarks 


Rlasnia 

blood 

pusclcs 

“sugar” 

34. vii. 28 

.r.(b 

11 hrs. alter luncli. 

MaeL.>an 

93 

78 

57 

1(13 



Faratiin tube 

F olin-Wu 

102 

99 

95 

1-07 



tocliiiicpic- 






27. vii. 28 

J.G. 

2 hi. aft(T In neb. 

MacLean 

94 

81 

71 

1-32 



R. tube lecImKjuc 

Ff)lin-\Vu 

112 

no 

107 

L04 

4. ix. 28 

d.G. 

2 hrs. after lunch. 

Mac L(‘ari 

102 

89 

71 

143 



R. tub(' teehuKjue 

Fohn-Wu 

10b 

104 

101 

L04 

“). ix. 28 

J.G. 

R. tube t(‘clmi<jiie. 

M<i< Lean 

94 

84 

71 

1 -32 



Ea.sting 

Fulin Wu 

RMt 

mo 

92 

L05 



4 hr. after Ott g. 

Macl.<ain 

0)0 

140 

114 

140 



gluCOHO 

F()lui-\\ u 

107 

154 

137 

L22 



1 iir. after glucov' 

Mac'ljcan 

Oil 

13b 

104 

1*55 




Folin-Wu 

Ibb 

148 

125 

1*32 



2 hrs. after glucose 

.MacLean 

92 

84 

74 

1*24 




Folm-W u 

88 

93 

102 

0*80 

7. jx. 28 

K. 

2] hrs, alter lunch. 

.AlacJ.ean 

92 

80 

01 

1*51 



R. tube tcflmujiie 

F<>lin-Wu 

99 

97 ^ 

94 

105 

23. vii. 28 

EMC.H. 

1 hi. afOw lunch. 

MacLcain 

117 

109 

95 

1*23 



R. tubetechniepu^ 

Eolin-Wu 

121 

120 

118 

1*03 


SCMMARV OF KESULTS. 

The methods first compared were those of MacLean and at Folin and Wu. 
The discrepancies between the two methods will be considered first, and 
the other methods then compared with thes(‘. 


MacLeards wethod compared with the tnethod of Folin and Hb/. 

There are sixteen comparisons bet ween these two methods. If discrepancies 
in which the Folin-Wu figure is higher than the MacLean figure are taken as 
positive, and the reverse discrepancies as negative, we find: 

on plasma, the range of discropancy is -- 4 to + 18, average + 8 ing. per 100 cc. 

„ whole blood, „ „ f 9 to 4 36, ,, 4-19 ,, 

„ corpuscles, „ „ 4- 19 to 4 - 49, „ f 31 ,, 

The range of variation is wide, but in every experiment the same effect 
is shown to a greater or less degree. The discrepancy betw^een the two methods 




Table IT. JJistrihdtion of reduciiiff substances between jdasnia, and corpuscles 
as determined by varioas blood-sugar methods. 


siibstanoo as Katio 

ijiucosc mg. per 100 cc. T^lasma 

_ _>__ ‘sugar’ 







Whole 

(A)r- 

Cnr])Usclo 

Date 

Subject 

Cemlitions 

Methods 

Plasma 

blood 

])usc]es 

“sugar” 

17. X. L’b 

K.J.B. 

1 1 lirs. alter 

Maelj(‘an 

120 

113 

105 

M4 



lunch 

Hagedoni (xinc) 

— 

no 

— 

— 



1 \ tube 

,, (tungstic) 

12-1 

140 

102 

0-70 



techuKjue 

JAilin-VVu 

131 

128 

124 

100 




Shatter- Hartmann 

130 

135 

1.35 

LOl 

21. X. 28 

F.K.H. 

2 Ill's, nftiu 

MaeLean 

104 

S3 

50 

2-08 



limcli. 

IJagedoru (xiuc) 

99 

85 

t)3 

1-57 



()\<ilatetl 

,, (tungstic) 

8 <) 

103 

130 

00 () 



iilood 

i'"ol in AA'u 

109 

109 

109 

J-OO 




Shatter-Hartmann 

105 

105 

105 

1-00 

24. X. 28 

1\ 

ImuH'diateJy 

JlagfMlo'n {/.inc) 

148 

133 

112 

L23 



alti'r tea. 

,, (tungstic) 

103 

]7t) 

ISO 

t)-9J 



]’. <uIk^ 

Pol in-tv u 

100 

158 

155 

1 03 



te(‘lini(}U(' 

Shalbu IlaT'tmnnn 

158 

159 

101 

0-9S 




Jh'iiedict (1928) 

102 

150 

132 

P23 

20. X. 28 

K. 

2 lir.>. aftc] 

Hagedorn (/inc) 

77 

71 

(;2 

124 



lunch. 

,, (tungstic) 

89 

101 

118 

0-75 



I\ (ub(> 

Poliri-Wu 

89 

87 

85 

1-05 



tia'hjbfjue 

Shatter-Hartmann 

84 

8.3 

84 

1 tH) 




Benedict (1928) 

90 

81 

08 

1-32 

20. X. 28 

(bA.II. 

11 lirs. after 

Macljcan 

95 

SI 

t>2 

P53 



iuncli. 

Ilagcdorn (/me) 

1 H) 

94 

72 

ir>3 



1 ’. tubt* 

(tungstic) 

lot; 

1 10 

1 10 

0-92 



t<‘chni((U(‘ 

Pobn-W'u 

lot; 

Bd 

(M 

Ml 




Shatter- Hartmann 

1 10 

102 

91 

1-21 




Benedict (1928) 

1 10 

9() 

77 

1-43 

L xi. 28 

Ib 

After lumdu 

Hagt'dorn (zinc) 

J08 

loo 

103 

105 



P. tub(‘ 

,, (tungstic) 

1 1-1 

131 

1 5.3 

0 75 



techni(jU<" 

Polin-Wu 

120 

115 

109 

Mt) 




Sha ttej-Maitmann 

1 15 

115 

115 

POO 




Bemalicl (P.>28) 

1 18 

105 

8 <; 

1 -25 

5. xi. 28 

K.M.Il. 

2 hrs. after 

Mai‘L<‘an 

137 

127 

J 13 

1'21 



luncli. 

Hagedoi n (zinc) 

1-42 

124 

98 

Id 5 



P. tulie 








t (‘('hni((ue 






7. xi. 28 

G, 

lirs. att(‘r 

VI a e Lean 

112 

102 

90 

1-24 



luncli. 

Hagedorn (zinc) 

119 

107 

93 

1 -2S 



i‘. tub(‘ 

(tungsti(') 

141 

134 

12 t> 

112 



teclmipue 

Polin-Wu 

123 

no 

114 

1 08 




Sha ff or -Hartmann 

12 (t 

1 12 

J03 

M7 

12 . xi. 28 

DK.H. 

After liJiieh. 

MaeL(‘an 

99 

81 

51 

1-94 



P. tulle 

Hagedorn (zinc) 

95 

80 

55 

1 73 



techni(jue 

,, (tungstic) 

lot) 

no 

127 

0-78 




3"(dm-Wn 

102 

99 

94 

l-OO 




Shatter- Hartmann 

97 

97 

97 

1 00 




Benedict (1928) 

105 

89 

02 

J -09 

14. xi. 28 

K.J.B. 

3 hrs. after 

VI a e Lean 

95 

85 

09 

1-38 



lunch. 

Hagedorn (zinc) 

98 

85 

00 

1-52 



(IxalaUni 

,, (tungstic) 

lot; 

124 

150 

0-08 



]»l()0d 

Folin-Wu 

109 

in 

114 

0-90 




Shatt(‘r-H artmann 

102 

109 

120 

0-85 




Benedict (1928) 

no 

113 

108 

1 07 

15. xi. 28 

L.ii.w.r. 

3 hrs. after 

MaeliOan 

105 

94 

80 

1-38 



lunch. 

Hagedorn (zinc) 

114 

104 

92 

1-24 



Detibrinati'd 

,, (tungstic) 

119 

132 

149 

0-80 



blood 

Folin-Wu 

118 

120 

122 

0'97 




S h a ff er- H a rt ni ann 

no 

114 

112 

104 




Benedict (1928) 

112 

107 

101 

Ml 

7. i. 29 

F.K.H. 

2 hrs after 

MacLean 

82 

02 

33 

2-48 



hinch. 

S haff e r - H artm ann 

80 

80 

86 

lOO 


Deli brina ted 
blood 
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is always greater on whole blood than on }>hisina, and greatest on the corpuscle 
figures. This was confirmed by the direet determinations on eor])UscJe deposits, 
which have not beam tabulated. 

The h>h(ifjL'r~]l(triihann met hod as m(fdified bij Somof/f/i. 

Tljis nu'thod gives figures agreeing well with the Folin-VVu figures, and, 
lik(‘ th('m, showing a small disere]>an(‘y with tin' Ma('L(‘an rtssults on plasma, 
and a markfal diftereu(a‘ on cor]>iisch‘s. Diserepan(‘i(‘s in which the Sliaffer- 
Hartma]in figmvs are higlier have laam taken as positive, and the reverse 
dis(‘]-epancies as negative, in each (‘ase. 

Tlnua' aia^ ten (aun})arisons witli the Folin-Wu method, and th(‘ disere- 
paneies b(‘tvveen Shaft’er-Hartmann tigures and Folin-Wu figures are: 

on ])l/isina: - 7 lo -f o, avinaun' - a niii. jxm’ iei)(c. 

uhol(‘ !)lood; - ♦» to 7, ,, 0 ,, 

,, - !Mo r 11, ,, e 

Tluaa^ are (Ught com]>arisons with Ma(dje<nrs nudhod. and the discre- 
f)ancies ar(': 

on j)lasn'ia: 1* to j Id, a\(M’ain.‘ f 7 inji. [>(']• lOIMt'. 

,, vs liol(' l)ioo(l: - into -I 24. ,, -J- 2n 

,, corpiHfJc'i; + la to I dd, ,, .‘CJ 

The naihod of IJaifedorn ami Jensen. 

The original method, ajtplied to zine hydroxidt^ filtrates, gives figurtvs 
which agree fairly well Avith Maelaain's nudhod, aiid shows definitely lower 
figures for corpusek‘s than for plasma. When the ferricyanidt* reduction nudhod 
is ap])lied to tungstic acid filtrates, the results iiulicate a very high corpuscle- 
sugar - the liighest given by anv method. This is th(‘ only method whitdi 
indicates a deliniti'ly higher sugar value for (‘or])useles than for ])lasma. AVe 
Avill summarise these effects by comparing the original Hagedorn and Jensen 
method with IVlacLean's method, the Hagedorn and Jensen method (tungstic 
filtrates) Avith the Folin-Wu method, and thirdly, coni])aring the zinc filtrates 
Avdth the tungstic filtrates. 

The original Hagedorn and Jensen naihod eonqmred with MaeLean's tnethod. 
There are seven comparisons. If th(‘ discrepancies in Avhich the Hagedorn 
and Jensen method gives the higher figure are taken as positive, the results are; 

on plaHina, the range of cliHcropancy is ~ o lo 4 15, averaire 4 - 4 nig. ])er 100 ce. 

,, whole blood, ,, ,, - 5 to 4-12. ,, 4-4 ,, 

,, eorpuseies, ,, ,, - 14 to 4 15, ,, t- 4 ,, 

In most of the determinations the figures gi\^en by the tAvo methods agree 
closely, and, where there is a definite difference, the method of Hagedorn and 
Jensen gives the higher figure, and the difference is about the same on plasma 
and corpuscles. 
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The Hogedorn and Jensen method, applied to tungstic jiltrates, compared with 
the Folin-Wu method. There are ten comparisons, and, taking discrepancies 
in which the Hagedorn and Jensen figures are higher as positive, we have; 

on plasma, the range of discrepancy is ~ 23 to + 18, average + 2 mg. per 100 cc. 

,, wliole blood, ,, ,, - (> to ^ 16, ,, +11 ,, 

,, eoipuBcles, ,, ,, -i- 12 to 4- 44, -f 30 ,, 

The wide range of discre]>ancy on plasma is chiefly due to two extreme 
ex])eriments. In the remaining eight experiments the range is — 7 to -i- 1 
(average — 2). 

The method of llagedorn and Jensen: zinc filtrates and tungstic filtrates. 
There are ten comparisons. Discrepancies in Avliicli the tungstic filtrates give 
the higher figures are taken as positive. 

on pbiBHia, the range of discrepancy' is - 13 to f 22, average }- (> mg. per 100 cc. 

,, vdiolc Idood, ,, ,, + 10 to + 30, ,, f- 27 „ 

„ coipusclcs, ,, ,, + 33 to + 00, ,, i ,")(> ,, 

Benedicts rnodifieniion of the Fohn-Wif method. 

Compared with the original Folin-Wu method Benedic’t's modification giv(\s 
slightly lower figures on whole blood. Taking diserepandes in whi(di the 
Folin-Wii method gives higher figures as positive, we have: 

on plasma. the ramie of discn'paney is - 7 to + (>, average -1 imi. per 100 cv. 

,, whole blood, ,, ,, I 2 to f 13, ,, i- S ,, 

„ corj)iisclcs, ,, ,, f 0 to r 32, ,, 4 20 ,, 

These ligures are based on seven comparisons. 

The Benedict (1928) method compared with the original llagedorn a)nl 
Jensen method. We take this cx)m])arison rather than the comparison with 

MaeLeaids method, because we have seven ex[)eriineiits in tvhich tin' 

Itenedict and llagedorn and Jenset) methods are c(»m])ared, and only four 
iu which tfiere arc both MacLean figures aud Beuetlict ligures. 

If wa* take discTcpancies in which the Benedict figure's are higher than the* 
llagedorn and Jensen figures as positive, tve have; 

on plasma, the range of disciepancy is — 2 to 4-14, average + 9 mg. per 100 cc. 

,, whole blood, ,, ,, ~ 1 to -1- 28, ,, 4 10 ,, 

,, corpuscles, ,, ,, -* 17 to 42, ,, 4- 10 ,, 

The ratio of plasma-'' sugar"' to corpuscle-' siigar." 

It has already been exphiined that, in the majority of our experiments, 
the plasma was o))tained from a sample of blood to which no anti-coagulant 
was added until the plasma had been 8e|)arated. Under these conditions the 
true ratio of ‘"sugar*’ in plasma and corpuscles should be obtained. The 
average ratios of ])lasma-'‘sugar” to corpuscle-“sugar” by the various 
methods (excluding the few experiments on oxalated blood) are as follows: 


MacLi'an 

1 *48 (average 

of IT) deterra 

linations) 

) 

HagtHlnrn-trensen (zinc filtrates) 

1*34 ( 

8 

Hagedorn-Jensen (tungstic filtrates) 

0-85 ( 

8 

) 

Folin-Wn 

107 ( 

17 

M ) 

tfhaffer-Hartmaim 

1-05 ( 

9 

M ) 

Benedict (1928) 

1*34( „ 

fi 
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The diSerence between the methods of MacLean and Hagedorn and 
Jensen (zinc filtrates) may be exaggerated here, because there are several 
experiments in which only one of these methods was used. If we take the 
shorter series of experinnmts in which both methods were a])plied to the same 
blood, the average ratios are much closer together (viz. 1*46 and 1*45). There 
is considerable variation of the ratio in all the tliree methods which give the 
higher ratios, and the num])er of experiments is not large enough to give 
strictly c()m])arable averages. A consideration of individual experiments 
brings out the same relations as are shown by th(^ average figures. 

Tt is noteworthy that in the sugar-tolerance curve (5. ix. 28) the ratios by 
both MacLcMits method and the Folin-Wu method rose when the total sugar 
was high, and fell when the total sugar was low, whereas the discrepancies 
lietween the rmthods remained fairly steady. 

To sum up: we Ivave two methods which arrree fairly well and indicate a 
high(‘r sugar value In ])lasma than in corjuiscles, namely MacLean’s method 
and the original Hagedorn and Jmisen method. The BeiuMlict (1928) method^ 
gives a similar distribution ratio, but this ratio is deilvc'd from sliglitly higher 
tigun'S for holh tlu' plasma and corpuscles. We have two methods which 
agnM‘ very well and indicate an approximately ev(m distribution of ‘'sugar'’ 
het ween plasma and corpuscles --the Folin-Wu and Shafler-Hartmaim methods. 
1^’inally, tlie Hagedorn and Jemsen method a])[)lied to tungstic filtrates is aloru' 
in indicating a higher sugar tigure for cor])uscles than for plasma, thus differing 
very greatly from the same method of estimation applied to zinc*, hydroxide 
filtrates. 

Possible rffvcis due to iechnique. 

Before discussing the significanc(‘ of these results we must consider two 
factors inhenmt in the technique, which miglit unequally affect the deter¬ 
minations on plasma, whole blood, and corpuscles. 

The first is the possible error introdu(*ed by taking an aliquot })art of a 
blood tilt rat e. The original method of Hagedorn and Jensen is free from this 
objection, because* the protein ])recipitate is washed and the whole filtrate 
with washings is used. In the MacLean method of protein precipitation the 
blood is diluted 1 in 125, so that the volume of the precipitate is negligible. 
In tl\e tungstic precipitation the conditions are different. The elilution of the 
blood is 1 in 10, and there is an apparently voluminous ]uotein precipitate 
which is greater in whole blood than in plasma, and greater still when cor¬ 
puscles are used. We have observed that there is no volume change on mixing 
the reagents: the total volume of the mixture, including the precipitate, is 
10 cc. for 1 cc. of blood. If the volume of the precipitate is appreciable, the 
filtrate must be concentrated, and since, when taking an aliquot part, we 

^ Rockwood [1026] has made oomparison.s between the Foliii-VVu method and Benedict’s 
earlier moditication of it (not the method wc have used). He found that the differences between 
the original FolinAVu and the modification were most pronounced in the corpuscle figures. 
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assume that th(‘ fluid volume is still JOec., our figures will be too higli, the 
error being grc'atest when the protein preci])itate is great(\st. We tested this 
ex])erinH‘ntally as follows^ The usual mixtui'es of jilasrna, wliolc blood, or 
eorjuiseles with the sodium tungstate and sulphuric atad were made in 
graduated c(‘ntrifuge tub(‘s; tlu* protein was centrifuged down and the super¬ 
natant li(|uid removed, and the tubes were dried to eonstani weight. A known 
volume of absolute alcohol was pipetted into each tube and th(‘ level noted. 
In this way the solid volume was estimated by displacement; for })lasma wa* 
found it 0-5 of the total volume o.i preeijiitation mixture, for wdiole blood 
2 and for cor])useh'S 2-5 %. Thes<‘ figures are only apjuoximate, Imt sho\v 
that th(‘ ehVet is negligible and that no a.})preeial)le error is introduced by 
taking alicpiol ])ar1s of the filtratta 

Secondly, in th(‘ tungstic ]>reeipitation and the MaeJxain preci])itation the 
reagcuits are a(ad, and some hydrog(m ions are taken u]) lyy the j)rotein. Sinc'e 
tlnu’e is ](‘ss ])rotein in tlie plasma and mor(‘ in the (*orpuscles, th<‘ acidit}’ of 
th(! (iltrates irom jdasma is greater than that (d iiltrat^^s from whole blood. 
Tn our tungstic filtrates from jilasma the wais approxdmatelv 1*8, from the 
wdiole blood 5-1, and from corpusek‘s b-.d. There W’as thus little difference, 
and we found that adjustment ot the filtrates to apjiroximatidy p,j (id) had 
no effect on the figures obtained. Tin* eop]H‘r reduction nudhocN an' smisitiva* 
to changes in pjy, as has lieim emphasis(‘d (ly Folin and Sv(*dberg |lh2()] atid 
Somogyi [11)20], but in our filtrates the diff'erenc'c wais too small fo introduei' 
any error. Similarly, in the MaeLean method, tlie diflt'n'nei's in aeiditv of 
nitrates are too small to affect the resulls. Tn tlie zinc hydroxide filtrati'S 
used for the Hagedorn and Jensen method, there is no appinadable differimee 
in pjf betwei'n filtrates from plasma, whole blood, and eorpuseies; all thn'e 
an' apfiroximately of Odl, 

J no)i-‘ghiC()se red ucing subs/a nee. 

We know^ that all the methods estimate glucose qiiantitativelv, wdu'ther 
in part' solution or added to blood. Tt is therefore unlikely that the methods 
wliieli give low' fgures on (‘orpusrles are failing to estimate glu('os(', and w^e 
are hnf to postulate the presence of some non-glueose reducing substance, 
predominantly present in corpuscles, w^hich may account for the disere])ancievS 
bt'tween methods. The methods giving low^er, and therefore probably truer, 
glucose figures are the methods of MaeLean and Hagedorn and Jensen (zinc 
tiltrates). These methods are absolutely different in principle, and yet give 
fair agreement. But wdien we apply the fcrricyaiiide reduction to tungstic 
filtrates we obtain the highest figures of any for corpnsele-siigar. The inter¬ 
fering substances must be present in tungstic filtrates, and either absent from 
the iron filtrates and zinc filtrates, or present in them in smaller amount. 
Of the four methods a])plied to tungstic filtrates, three give high corpuscle 
figures—Hagedorn and Jensen, Shaffer-Hartmann, and Folin-Wu—and the 
tungstic precipitation is the only feature common to the three methods. The 
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Benedi(‘t (1928) method is the only method applied to tungstic filtrates which 
gives a distribution ratio similar to that given by MacJjean’s method, and the 
eop2)er reagent used in the llenedict (1928) method is designed to be relatively 
insensitive, and tlnuefore more seleetiv(‘ than the eop])er reagent of the Folin- 
Wu method. Benedict claims that his n»oditication gives true sugar figures, 
but it seems probable that the figures given l)y his metliod, though lower 
tlian th(‘ Fohn-Wu figures, are slightly abov^" the true sugar value, since we 
find that the methods of MacLean and Hag(‘dorn and Jensen (zinc filtrates) 
give lower figures still. 

\V(' have further evidence of the important part play(‘d by the method of 
protein ])recipitation. We have a[)]>li('d MacLean's method to tungstic filtrates 
as follows. 2 (‘c. of a 1 in 10 tungstic filtratf* are diluted with LS c(*. of tlie acid 
sodium sul])hafe solution us(‘d in Macf.ean's method: 2 ec. of the cop])er 
solution are added, and the estimation carries] out in the usual way. (The 
liltral(‘ takeai corresponds to 0-2 c(\ })lood, if. 5 1 of tlm amount in the 
ordinary MacLean method.) Tliis modilicaition of the method (juantitativedy 
d(‘ttTniines gliu‘os(' added to blood. In Table* 111 are* givi'ii e'oniparise)ns la*- 
1 we(‘n the e)i(linary IMacLe'an m(‘the)e}, the Mae*Le‘an nu'thod applied to tungstic 
filtrates, and th(' Folin-Whi e)r ShaflVr-lIartmann niethexls. Mae*Le‘an’s jiu'thod 
of estimation gives higlu'r figures on tungstic than e)n iron filtrates, anel the 
MacLean estitnation a])})li(‘d to tungstie* filti'ates usually agre'es with the 
Folin-VVu or Shaffer-llartmann method. Th<* distribution ratio given by the* 
MacLean method a])plied to tungstic iiltrate‘s is e'le)S(* to unitw and differs 
greatly from tlu' ratio giveii by the orelinarv Mae*Lean method. 

Table TTI. 

JveUuc’iii^ Hul)staiic(' aw 
niLS p(*r 100 CO. 

Cor]Hiw(^l(‘s 







Whole 

(dirt'ctiy 



Methodw 

] ‘lawiiia 

Flood 

detenniucd) 

1 

MacLcau 


Iron filtrate 

— 

70 

— 




'’I’unuHtic tilt rate 


Hli 

— 


Folin-Wu 



102 

— 

IT 

MacLean 


Ii’fui lillraio 

120 

ii:i 

_ _ 


,, 


Tungstie tiltiate 

124 

122 

— 


Folin-Wu 


LJl 

128 

— 

III 

MacLean 


Iron filtrate. 


87 

_ 




TimgRtie filtrate 

— 

94 

_ 


Folin-Wu 


__ 

100 

— 

IV 

MacLean 


Iron filtiate 

101 

81 

78 




Tungstic filtrate 

120 

118 

100 


SbaUer- H arlmann 

,, 

— 

110 

115 

V 

MacLean 


Iron filtrate 

82 

02 

_ 


,, 


Tungstic filtrate 

91 

88 

88 


S h a ff r- H a rt n 1 ann 

,, 

80 

80 

80 


We are thus led to the hypothesivS that there is some non-glucose reducing 
substance present in corpuscles. The various methods applied to tungstic 
filtrates vary in their sensitiveness to this unknown substance, the ferri- 
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cyanide reduction being the most sensitive, and the Benedict (1928) copper 
reduction the least. 

Direct evidence of a non-glucose reducing substance in corpuscles. In addition 
to the inference drawn from our comparison of methods, we have direct 
evidence of a reducing substance other than glucose in tungstic filtrates of 
whole blood or corpuscle deposits. 

If a tungstic filtrate from whole blood is added to the alkaline copper 
r(\agent used in the Folin>Wu estimation, and the phosphomolybdate reagent 
is add(‘d at once, in the cold, a definite blue colour develops. This reaction is 
not given by plasma filtrates, and is given very strongly by cor^mscle filtrates. 
The reaction does not occur if the blood filtrate and phosphomolybdate are 
mixed in the absence of the copper solution; it is n reduction of the cop]>er 
reagent, not a direct reduction of the phosphomolybdate reagent. 

Colloidal ferric hydroxide filtrates from blood do not give the reaction 
with the Folin-Wu copper solution, neither do zinc hydroxide filtrates. For 
the purpose of this test the iron or zinc filtrates were of the same concentration 
as the tungstic filtrates—Id cc. filtrate corresponding to 1 cc. blood. We have 
therefore direct evidence of a reducing substance in corpuscles, vvdiich passes 
into tungstic filtrates and not into iron or zinc filtrates. 

It is possible to remove glucose from blood by a short incubation with a 
large excess of yeast, and to precipitate the mixture with tungstic acid 
[Somogyi, 1927]. Such filtrates from fermented blood still give the reaidion 
with the Folin-Wu copper solution in the cold. 

The probable nature of the nnlnotvn substance. The idea that non-glu(;ose 
reducing subvstances in blood may affect blood-sugar <\stimations is not new; 
it is knovn that some of the methods give a residual reduction alter fermen¬ 
tation with yeast. The earlier wmrk on this residual reduction was unsatis¬ 
factory, owing to technical difficulticvS, but these were overcome by the 
discovery of Hiller, Linder and Van Slyke [1925], that a very short incubation, 
with excess of yeast, was sufficient to remove glucose. Somogyi, using this 
principle, has determinial the non-fermentable reducing substances in whole 
blood, plasma and corpuscles, by his modification of the Shafl'er-Hartmann 
method. In his first paper [1927] he gave the figure for whole blood as 27 mg. 
per 100 cc., but his later technique [1928] gave figures 3 or 4 ing. lower; on 
this basis we may take the figure for plasma as H, for whole blood 23, and 
for corpuscles 40 mg. per 100 cc. Now we have found that MacLean's method 
gives figures lower than the Shaffer-Hartmann method as modified by Somogyi, 
and that the discrepancy is for plasma 7, for whole blood 20, and for cor¬ 
puscles 39 mg. per 100 cc. These are average figures. The agreement between 
these discrepancies and Somogyi’s figures for non-glucose reducing substances 
is striking, and naturally leads to the suggestion that MacLean’s method gives 
figures very close to the true sugar value. 

We must now consider some substances which might be responsible for 
the residual reduction after fermentation with yeast, and for the discrepancies 
between methods. 
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Uric acid, creatine and creatinine may be dismissed, for Hiller, Linder 
and Van Slyke [1925] have shown that their reduction effect is too small to 
be of importance, in view of the small amounts present in blood. 

Ergothioneine is a reducing substance, present only in corpuscles, and it 
is capable of affecting blood-sugar methods [Sjollema, 1927]. Hunter [1928] 
has estimated the amount present in normal human blood, and finds 2-10 mg. 
per 100 cc. corpuscles, Le. a maximum of 4 or 5 mg. per 100 cc. whole blood. 
We have made a few determinations of the effect of ergothioinune solutions 
upon the various blood-sugar methods, and find that 100 mg. ergothioneine 
is equivalent to 10-00 rag. glucose, according to the method used. In view^ 
of the very small amount of ergothioneine in himian blood, the effect is 
negligible. 

Glutathione is known to be present in cor])uscles, mainly in the reduced 
form [Hunter and Eagles, 1927; Holden, 1925; Thomson and Voegtlin, 1926; 
Uyei, 1926]. It is capable of reducing ferricyanide and the Kolin-Wu reagents 
[Sjollema, 1927]. We luive found that solutions of reduced glutathione reduce 
the Eolin-Wu co])per reagent in the cold; glutathione is therefore probably 
responsible for this reaction as given by tungstic filtrates of corpuscles. 

It is well known that tungstic' filtrates from cor])uscles give a ])Ositive 
nitrojuusside reaction, whereas tungstic filtrates from plasma do not. On 
the basis of the intensity of the nitropnisside reaction, Hunter and Eagles 
estiinale the glutathione in human blood at 190-120 mg. per 100 vc. corpuscles, 
i.c. 40-50 mg. per 100 cc, blood. 

The subject of the quantitative effect of glutathione in the various blood- 
sugar methods, and, m particular, its behaviour in the various methods of 
protein precipitation, is still under investigation, and will form the subject 
of a later paper. It may be said at present that concentrations of reduced 
glutathione, of the order of 45 mg. per 100 cc., give a significant deduction 
of all the blood-sugar reagents except tluit of Benedict (1928). 

Significance for (jctieral anahjUcal work. 

We have shown that differences of the order of 50 mg. per 100 cc. are 
commonly found, wlien different methods are applied to the same sample of 
whole blood. Differences of this order are of importance in clinical wmrk, and 
it is necessary to interpret results according to the method used. Also our 
findings give an explanation of some of the varying results obtained by 
different workers for the distribution of sugar '’ between plasma and cor¬ 
puscles. Further, our results suggest that thc' choice of method may be of 
great importance in the determination of '‘sugar*’ in tissue extracts or other 
material in which glutathione and other reducing substances are likely to be 
present, particularly if the relative amount of glucose is small and concen¬ 
trated extracts are used {e,g, in glycolysis experiments). 
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St^mmary. 

]. Tlie various methods of blood-sugar estimation give widely different 
results lor the distribution of ‘’sugar’’ between ])lasnia and eorpuscles. The 
average (iisere])aneies between methods are not great for estimations on 
})]asma, but are considerable for estimations on corpuscles. 

2. The methods of MacLean and Hagedorn and eJensen (original) agree 
fairly wa'll, and give a higher sugar value in plasma than in corpuscles. 

‘3. The methods of Foiin-Wu and Shaffer-Hartmann (Somogyi’s modifi¬ 
cation) agree very w'cll, and indicate ap])ro\imat(dy even distribution of 
reducing substances between ])lasma and corpuscles. 

4. In (comparing the method of Macljean or Hagedorn and Jensfui 
(original), with the method of Folin-Wu or Shaffer-Hartinann, we find that 
the hrst ])air of methods gives slightly lower iigurcs thaai the S('cond pair oi 
methods on plasma, and considerably lower figures on (awpuscles. 

5. Bemalict’s latest modihcation of the Folin-\Vu method gives ratios of 
plasma-^’sugar” to corpiiscle-‘\sugar’’ similar to those giveui by the method 
oi MacLean or the original Hagedorn and Jenseii method, but t]u‘ tigiires 
given by the Benedict (1928) method are slightly higher on both plasma 
and corpus(‘h*s. 

0. The method of Hagedorn and Jens(‘n applied to tungstic filtrates giv(\s 
very high corjiuscle figur(‘s, and is the only nu'thod tvhich shows more ’'sugar ’ 
in cor])uscl(‘s than m plasma. Zitic hydroxide filtrates from whoh' blood or 
corpusel(‘s give very much lower figures than tungstic filtrates wlien estimated 
by the ferricyanide method. 

7. Ma(‘Lean’s method may be applied to tungstii* hUrates and the results 
for corpuscles are much higher, by this modification, than by the original 
method. 

8. suggest that the discrepancies between lilood-sugar methods are 
due to the presence of a non-glucose reducing substance in corpuscles, which 
is pnvseut in tungstic filtrates, and is eitluT absent from iron and zinc filtrates, 
or ])resent in them in less amount. We have direct evidence of the presence of 
such a substance, because tungstic filtrates of whole blood or corpuscles 
jiroduce a reduction of the Foliii-Wii copper reagent in the cold, wdiereas 
filtrat(‘s from ])lasma give no such reaction. The reaction is not given by iron 
filtrat('s or zinc filtrates. 

9. It is suggested that the substances responsible for the discrepancies 
between methods may also be responsible for the residual reduction after 
fermentation of blood wdth yeast. 

10. Uric acid, creatine, creatinine, and ergothioneine are dismissed as 
having no appreciable effect on blood-sugar methods, in the small amounts 
in which these substances occur in human blood. 

11. Ghitathione is suggested as having an important effect on blood-sugar 
methods. 
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XLIII. MEMBRANE EQUILIBRIA AND 
SELECTIVE ABSORPTION. 
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{Received April 1929.) 

Two general theories have been advanced to account tor the unequal distri¬ 
bution of inorganic electrolytes on either side of a cell membrane. 

According to one theory, the unequal distribution is du(‘ to the existence 
of a cell membrane, which not only prevents the passage^ of the colloid con¬ 
stituents of the cell, but also has the property of ])resenting varying re¬ 
sistance to the ])assage of different inorganic ions. Ac'cording to the other 
theory, the cell membrane is capable of preventing the ])assage of the colloid 
constituents of tlie cell, but the unequal distribution of inorganic salts is due 
to the formation within the cell of relatively undisso(‘ia1(‘d and non-diffusible 
compounds of the various ions with the cell constitinads. 

Direct (experiments designed to test the iornnu’ theory are l)eset with 
considerable ditiiculties, since the ex])eriments hav(* to be carried out on 
living tissues, and any considerable alterations in the surrounding medium 
are liable to alter the properties of the membrane. On the otlua* hand, many 
artificial membranes exist which may be use<i in testing the latter theory, 
since the only ])roperties which the membrane must, have ar(‘ those of pre¬ 
venting the passage of colloids and of allowing the free passage of inorganic, 
salts. 

In previous work [Wright, 1926] an attempt was made to ascertain how 
far the secretion of high concentrations of calcium in milk from the relatively 
low concentrations of this element in the blood-plasma coidd be accounted 
for on the basis of an unequal distribution caused by the presence in the 
milk cidls of non-diffusible and relatively undissociated protein molecules. 
For this purpose, solutions of sodium caseinogenate were separated from 
solutions of calcium salts by a membrane permeable to inorganic ions but 
impermeable to the caseinogen molecules or ions. It was found that under 
these conditions the calcium tended to accumulate in high concentration on 
the ])rotein side of the membrane, the distribution ratios^ for the calcium 
varying from 2-2 to as high as 12*8. No attempt was made in the preliminary 
paper to examine in detail the physical chemistry of the systems under 
investigation. 

^ Throughout this papor, the term “distribution ratio"' iudieates, for cations, the ratio of 
iho concentration on the protein side of the membrane to that on the non-pjoteiu aide, and for 
anions, the ratio of the concentration on the non-protein side to that on the protein side. 
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The rcHults appeared, however, to have such im}>ortaut a})pIications in 
the more general study of the iniecpial distribution of s^dts in living tissues, 
that it was decided to (*arry out further, and more detaihal, exj)eriments. 
The results of th(*s(‘ later exfx'rinients, w^liich are descrilaxi in this ])aper, show 
conclusively that (in the systems studied) the observed inequalities in the 
distribution ratios of the sails can be entirely explained if iwo factors—the 
degree of dissociation of th(‘ protein salts and Ihe establishment of a Donnan 
equilibrium - are taken into account. 

Trchniqxtk. 

100 cc. of (aich of the twT) solutions under investigation wa're placed on 
either side of a dialysing vessel, the solutions w'cre allowavl to come into 
ecpiilibriiim })y dialysing for at least hours, and the contents were then 
rcanoved and analysed. 

The ('aseinogen us(‘d in the ex])eriments wais ])repared by the method 
detailed by Van Slyke [1923] wdiich gives a product of remarkably low ash 
content. I'he ash in the sam])les used was l(‘ss than OT 

The dialysing v(‘ssels were of tin* ty[)e devised by Wright and Rule [1927], 
c(‘llo])hai]e (0-0017 cm. thick) being employed as the membrane. This mem- 
bram* is impermeable to caseinogen but freely ])ermeable to inorganic salts. 

With regard to analysis, cal(*ium was estimated by McCrudden’s [1909] 
method, and chloride by a macro-method based on that of Van Slyke [1924]. 
Sodium was determined throughout by diffcTencek The hydrogen ion conc(‘n- 
tration of the solutions wars not rigidly controlled, but the solutions waua* in 
all cases kept betwaM'U pjj 0-7 and 7*0. Jt will lx* seen Irom the results that 
the small variations had no significant effect- on the equilibria obtained. 
Toluene wais added in order to prevent bact(n'ial decom])osition of the protein. 

Resitlts. 

Table I showas the results obtained wdth simple systems containing Na 
cas(‘inogenate and NaOl. It wall be seen thht, at equilibrium, the distribution 
ratios of the sodium an* in every case greater than ihe corresponding ratios 
of the chloride. 

If Donnan\s theory holds for such systems, this inequality in the distri¬ 
bution ratios can only be account(*d for on the assumption that the Na 
caseinogenate is not completely dissociated. By calculation from the (experi¬ 
mental data, it is found that a percentage dissociation of the caseinogenat(‘ 
of between 62 and 77 % (wdth a mean value of 68 ['{,) is necessary in order 
to make the ionic ratios equal. Such a value agrees closely with that obtained 
from conductivity data by Pauli [1922]. 

^ I.e, total anions - total calcium, assiimiri<T tliat 5 (•aacinosjj{‘n acts as a O-O^o .V anion. 
All calculations in this paper are based on the analytical data, and not on the quantilics of 
electrolytes noted as initially present. The latter are approximate ^'^alues only. 
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Table 11. Equilibria in systems containiug calcium cascinogenate 
ami calcium cMoride. 
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Table L Equilibria in systems containing sodium caseinogenate 
and sodium chloride. 
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Table II shows the results obtaint'd with simple sy>steTns eoutaining Ca 
caseiuogenate and Ca0]2. The results are similar to those shown in Table 1, 
but the distribution ratios of the calcium and the chloride (the ratio of the 
Litter being squared^) show a far greater divergence from one another than 
do the corresponding sodium and chloride ratios of the previous experiments. 

If Donnan’s theory holds for the calcium systems, the degree of dissocia¬ 
tion of the Ca caseinogenate must be considerably lower than that of the 
Xa caseinogenate: on calculation (by a similar method to that emjdoyed 
above) the percentage dissociation is in fact found to lie between 27 and 33, 
with a mean value of 30. Such a value agrees well with that obtained from 
conductivity data by Robertson [1920], 


Table TIL Equilibria in simple and in mixed solutions. 

A])]»]'oxirriak’ initinl coiiceiitmtioiis 
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1-07 

5-0 


0-025 

0-025 

— 

0-0302 0-0137 

0-0115 0-0137 

— 2-04 

M9 

5-0 

0-025 


--- 0-025 

0-0142 0-0100 

0-0216 0-0035 

0-0107 0-0135 

1-42 6-15 

1-20 


In Table HI typical results obtained in these simple systems are compared 
with the results obtained in a mixed system containing Na caseinogenate 
and CaClg. It is in this experiment, and in the succeeding experiments, that 
the very important influence of the degree of dissociation in systems of mixed 
^ To conform to Bonnan’s equilibrium equation. 
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electrolytes becomes ajjparent. It will be seen tlnit the low degree of disso¬ 
ciation of the Ca caseinogenate has (ansed a preferential absorption of the 
calcium to the protein side of the membrane, with a consequent high distri¬ 
bution ratio of calcium of G-lb, and lowen'd distribution ratios of the sodium 
and chloride of 1-12 and L26 res[)ectively. 


Table IV. Ecfidihria zV sf/sfcms confainihg .sodiam casci}io(jenate, 
soddfw Monde and cafriuNi cldoride. 
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A mor(‘ ext(‘nd(Ml study of mix<‘d systems of this type is shown in Table IV. 
Jn this seri('s, the concentration of the Na caseinogenate and the total con¬ 
centration of chlorides have beim k(q)t constant, but the r(‘latiy(‘ concentra¬ 
tions ol Nat 1 and (^a(L have been varied. The following are the salient features 
of these results. 

(u) As the total calcium in the system is decreascal, an increasing pro¬ 
portion of calcium ])asses through the membramc This is to be ex])ected, 
since (owing to its low (h'gree of dissociation) the smaller the ratio of calcium 
to caseinogen, the greater will ])e the relative amount of calcium bound by 
the caseinog(m. 

(5) As the total calcium in the system is increased, the distribution ratios 
of the sodium and chloride decrease, until, with high concentrations of calcium, 
the ratios approach unity. If the reversible reaction 

Na caseinogenate y CaOU caseinogenate + NaCl ...(1) 

is considered, it will be seen that the addition of CaCU should tend to force 
the reaction from left to right, ?>. to form additional C^a caseinogenate and 
NaCl. Hence with increasing calcium in the system, the proportion of un¬ 
dissociated Ca caseinogenate and of freely diffusible NaCl should lioth increase, 
and (if Donnan’s theory holds good) the distribution ratios of the sodium 
and the chloride should approach unity. The experimental results confirm 
this. Actually the distribution ratio of the sodium should always be slightly 
higher than that of the chloride, since there must always be a small quantity 
of undissociated Na caseinogenate in the system (the above equation being 
reversible). The method of analysis was not sufficiently accurate to reveal 
such a difference. The difference is, however, seen in the results of Exp. 9 
of Table HI. 
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Table V. Effect of varyhuj concentrations of sodium chloride 
on the distribution of calcium. 
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* (V)nl.ani('(l appreoi,i})l(' (jnaiitities of rakiuin as an iinpurit v; this accounts for t]i(‘ 
analy tical values olita-incd. 

t ^ oliiinc of solution icdueed to 85 cc., i.r. it is aitually a 5 9 (‘asciriogcn solution. 

It hds betdi shown above tint! the ytresenee of inennisin^ eonc'entrations 
of Cat.lo causes a shift in the e([uili])rium in (Ujuation (1) from left to riglit. 
An attc'Uipt vvais mach* to cause the reverse reactitm, i.e. to shift the (‘cjuili- 
briuin from riglit to l(Tt, by adding Ittr^t' qutnitities of Nidi to the svsi(‘m. 
Table V shows lhat this attempt was succt'sslul. As the Nad in th(‘ system 
was increased (tlie (piantities of diOU Na cas(‘inogenat(* bmny ke])t 

constant), the jiroportion of ctilcium ])assin^ tlirou^h to tlu^ ])rotein side of 
the mernbram* decreased, until, wdth very hij^h concentrations of Nad, tlie 
distribution ratio of the calcium itself ap])roa(‘h(Ml unity. 

Disrussiox. 

The above results fully confiriYi the main (‘ondusions of the ])rev^ious jiapor 
[Wright, 192()]. Further, they demonstrate that the unequal distribution of 
inorganic salts on dther side of the membrane can b(' fully ex})lained if two 
lactors—the degn'C of dissociation of the ])rotein salt, and the (establishment 
of a Donnan equilibrium—are taken into account. 

It sliould be umhustood that the systems studied have not, Ix'en seh'cted 
lor the purpose of illustrating striking distribution ratios: tlu'y have been 
S(‘lected primarily in order to elucidate th(‘ factors involved in th(‘ establish- 
immt of the unequal distribution. NeviTthehess tlu' rc'sults, together with 
thos(' ])reviously published, demonstrate the remarkable alterations in the 
distribution of salts on dther side of an artificial membrane (‘aused by the 
pr(\senc(‘ oj a non-diffusible electrolyte (caseinogen). Furthc'r, they demon¬ 
strate the marked influence of the presence of one ion on the distribution 
ratios of other ions; for instance, in the influence of calcium on the sodium 
and chloride ratios in Fxps. 9 to 14, and in the influence of sodium chloride 
on the calcium ratios in the experiments shown in Table V. It should be 
emphasised that such alterations in the distribution ratios are entirely inde- 
])endent of the nature of the membrane, provided that the latter fulflls the 
conditions lu'cessary for the establishment of a Donnan equilibrium, i.e. 
impermeability to one ion of the system but complete permeability to all 
other ions. 

In drawing attention to the more general applications of these results in 
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problems of cellular physiology, it is necessary to recognise that sim])lo 
equilibria of the type discaissed in this paper can only provide a ])artial ex¬ 
planation of 1he remarkable inerpudities in th(' distribution of inorganic 
elements in living tissues. In the tissues, the various constituents are under¬ 
going continuous transformations, which alter not only the internal jdiases 
of th(‘ C(‘ll but also tlu' nature of the c(*ll membrane its(‘lf. Recent paj)ers on 
])erm(\ability ]iav(‘ in fact tended to stress the imy)ortanc(' of the conslitution 
of th(‘ cell membrane in ac(a)unting for the accumulation of inorganic ekunents 
in living tissues; the membrane has been assunnai to have the ])ro])erty of 
pr(‘S('nting varying r(‘sistaiice to the ])assag(' of differtoit inorganic* ions. 

While* such an assum])tion has in maiiv easels r‘‘cei\*ed jiistiliccation, the 
re'sults detailed in this ])a])er point to a. furtln*!* (‘X])lanation, based on the 
d(‘gree of dissociation of the iion-diffusibh* (])rotein) salts of the c(‘ll and on 
tin* (‘stablishuient of a Donnan (ajuilibrium, wlba*!! mav also be of considc'rable 
importance* in accounting for the unequal distribution of inorganic elements 
in living tissues. Specilic ('xamples of tin* ]>ossible applications of these 
re'snlts may be cited (1) in the oxp(‘rinn*nts ol Stih‘s and Kidd [1919] on the 
absor])tion of salts by carrot ti'^sues, (1^) in the e‘xp<*riments of Jloagland [1923] 
on tin* inhuc'uce (A one salt on the distributioie cd’ another salt between the 
plan1 and its surrounding nnaliunn an<l (3) in tin* (*xp(*riments of Lo(*b and 
Nichols |192r), 1927] on the* difTusibilitv ol the* calcium of blood-sermn. The 
a])p!ication of tin* results to tin* secretion of cahuuni in milk has been dealt 
vitli ('Isewherc' [Wright, 19281. 


Summary. 

1. The um'qiial distri])ution of salts on (‘ith(*i* side of an artifu^ial mem¬ 
brane in systems containiiig caseinogem, NaCl and has b<*(*n exaTuinc'd. 

2. It is shown that the results may l)e (juaiititat ivedy explained if two 
factors, tlje degrea* oi dissociation of th<‘ ])rotein salts and the establishnu'nt 
of a Donnan (*(juilibrium, arc* taken into ac(*ount. 

3. Tin* infliK'nce of one* ion on the distribution ratios of other ions is 
demonstrated. 

4. The ap])licatioTis of tin' results in tin* general studv of the unecpial 
distribution of salts in livung tissues are briefly discussed. 
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XLIV. THE ABSORPTION OF WATER 
BY GELATIN. 

PART III. THE SULPHATE SYSTEM. 


By WJNNIFREI) BKRTHA PI.KASS. 

Frow ihc Laboratories of the British Leather Ma)nfactarer^ 

Researeh A ssoeiatioa. 

{Received April 10th, 1929.) 

In two ])revioiis ])apers [Jordan-Lloyd and Ploass, 1927, 1928] tl)o al)sor})tion 
of water by < 2 ;(datin iu the chloride and nitrate systems has lanai described. 
The present paper deals with a system containing hydro^m, liydroxyl, sodium 
and snl])hate ions and thus considers the spiaatie elTeet of tin* l)ivalent sulphate 
ion. Th(^ water absorption has a<raiii been measured by thc' ])ercenta^u^ eliange 
in weight, calculated on the air dry weight at BKP, of ])ieees (d ])urit!(Ml leaf 
gelatin when immersed in the experitmmtal solutions, usually for a period 
of 3 days. The experimental matiu'ial and method are the same as ])ri'viously 
described with the (‘xception ol the important advantage of the us(' of the 
glass electrode for th(‘ determination of the pjj values. This lias markedly 
decreased the magnitude of the errors oeiurring in the alkaline zone. 

The influence of the three variables, value, temperature (/) and eoiu 
centration of sodium sulphate (M), on the wat(T absorption of gelatin was 
investigated and the results are presimted graphiiailly. 

It will be convenient again to eonsider separately the l)eha-viour of the 
gelatin in the four zones of hydrogen ion concentration, e.entring respectively 
on Pig 2*6 (acid zone), 10 (alkaline zone), pjg 5 (isoelectric zone), and 7 
(neutral zone). 

When immersed in distilled water electrically neutral (iso(dectric) gelatin 
absorbs water by imbibition. This water of imbibition may be regarded as 
jienetrating through the system, forming a solid solution in the gelatin gel. 
It hus been shown previously [Jordan-Lloyd and Ph‘ass, 1928, y). 1013] that 
reduction of the water of imbibition leads to coagulation of the gel. In both 
acid and alkaline solutions, the gelatin, acting as a weak base or a weak acid, 
combines with the electrolyte present to form ionisable salts with a non- 
diffusible ion. This leads to the production of an internal osmotic pressure 
within the gel which induces further water absorption. This type of swelling 
is referred to as osmotic swelling. In solutions of salts at about pjj 5 gelatin 
absorbs more water than the winter of imbibition. In these conditions the 
water absorption occurs by a different mechanism. Both positive and negative 
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ions of the salt are apparently absorbed equally by the gelatin, causing 
hydration of the gelatin. This type of swelling is referred to as lyotropic or 
salt swelling. In solutions of salts at about pjy 7 the absorption of water 
appears to be influenced both by osmotic swelling and lyotropic swelling. 


The acu) swellin(^ zone ] -4). 

The water absorption of gelatin at 18', after immersion in solutions of 
sodium sul])hate from 0 to 1-0 M concentration, plotted against the final pj| 
of the solution is shown in Fig. 1. When no sodium sulphate is present a 
curve for the swelling of gelatin in sulphuric .icid solutions is obtained Avhieh 
is in many 7 a\spe(ts similar to the corresponding ones for hydrochloric and 
nitric acids, but which shows inailoal differences. Hydrochloric and nitric 
acads induce a maximum swelling of 9500 and 7000 % res])ectiy<‘ly on the 
dry weight ot tlie gelatin at pjj while the maximum in sulphuric acid is 
only about 5100 and occurs at /qj ‘fiO. 


No fiodium sulphrtlo 



Fjcr. 


1. \aiyinfr, t constant at IS , M constant over a y(‘rios of concentrations 
from zero to l-O M. 


It is interesting to observe that from pjj 5-0 to 3*2 the curves for all three 
acids are similar, that is to say, in dilute solutions at any particular concen¬ 
tration up to 0-001 N the water absorption of gelatin will be the same in 
solutions of all three acids. At greater concentrations, however, the specific 
nature of the acids becomes ajq^arent. The most arresting observation is that 
the Pji value of the position of maximum swelling is determined by the anion 
of the acid. Callow [1925], when measuring the rate of ice crystallisation in 
a gelatin gel, obtained pjj curves which he compares with Loeb's curves for 
the swelling of gelatin. The maxima of his ice crystallisation curves occur at 
2*5 in hydrochloric acid and at pjj 3-0 in sulphuric acid. Previously it 
has been stated [Loeb, 1922] that bivalent acids induce swelling which at> 
the maximum is only half as great as that produced by univalent acids. This 
is not true in the conditions under investigation. The maximum swelling in 
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Riilplniric arid is about d/.o of the maximum swelling in hydrochloric or 
nitric acids. At 2-5, however, the increase in swelling above that due to 
the water of imbibition ivS about twice as great in hydrochloric and nitric 
acids as it is in sulphuric, })ut it must be remember(‘d that this is a com¬ 
parison at on(‘ arbitrary va.lue and not a comparison of the magnitude of 
tli<‘ swelling at the various maxima. Kuhn [1922] has measured the increase 
in volume of powalered comnuTraal gelatin in solutions of hydrochloric, nitric 
and sulphuric acids. He tuids that the maximum in solutions of nitric acid 
is slightly greater than the maximum in solutions of hydrochloric acid and 
consid(‘rab]y greater than the maximum in solutions of sulphuric acid. Also 



FiLC 2. The water absorption of eoilayen in lactn\ ae(‘tic, hydrorlilorie and siijplniric acids 
at p^J Viilncs bcfcwiHai J and o. 

Kiintzfd [1926] has measured the swidling of tilirous collagiui liy the con¬ 
traction in length that occurs when the tendons from rats’ tails are immersed 
in acid solutions. He stat(\s that nitric acid causes slightly greater maximum 
s\v(‘lling than hydrochloric acid, sul})huric acid considerably less. The ratios 
ol the magnitude of maximum swelling in sul|>hurie, hydrochloric and nitric 
acids are given in Tabh^ 1. It is interesting to observe that n\sults obtained 
by tliree very different methods indicate that although these monobasic acids 
induce greater swelling of proteins than sulphuric ac-id, the ratio of the 

Table 1. The ratio of maximmn swelling attained in sulpJniric, 
hgdrochloric and nitric acids. 



IbSt)^ 

KOI 

UNO. 

Incn^ase in weight of pure leaf pudatin (Jordan-Lloyd and ricaKH) 

1 

J'27 

1*37' 

Tucroaso in voluinc of powdered (.•oinrucreial jcjelatiii (Kuiui) 

1 

M7 . 

1*20 

Contraction in the tendonw of rats’ tails (Kiintzel) 

1 

h2(y 

1*33 
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maxima is, in ov(‘iy case, miicli less than 2. The results also confirm the fact 
that the swelling in nitric acid is only slighily, yet quite definitely, greater 
than that in hydrochloric acid. This difference in tin* degree of sw(‘lling is 
probably not due to the valency oi the acid but to the nature of the anion. 

Jordan-Lloyd and the autlior (un]>ublished results) ha,v(‘ investigated th(‘ 
sw(‘lling of collag(‘n in hydrochloric, sul])huric, lactic and acetic acids (Fig. 2). 
The ex])(‘rini<*ntal material was ox hi(h‘ which had luaui linuai to remove hair, 
albumins, globulins and mucoids and then, after neutralisation and washing 
fr{H‘ from mineral matter, had been dehydrated with acetone. Maximum 
swelling of (‘ollagiui in th(‘ form ol a fibrous lissiu' occurs in acid solutions at 
lower pjj vahu‘S than that of gelatin in similar solulions. The tlegree of swelling 
is also mu(*h less |Jordan-Lloyd and Kaye, 19241. graqshs show (Jearly 
that noi oidv doi's the rnagnitud(‘ of the lour maxima \'arv from 420 to 510 
on th(‘ dry weight, but that the p,j valiu^ at the maximum is specilic for each 
ac'id. Tlu' maximum watiu absor]>tif)n of collagcm occairs at 2-1 in sulphuric 
ai'id and at 1-9 in hydrochlorie acid solution. Th(‘ curves indicate that in 
solutions ol vahu's Ix'tween o-dand 2-3 1 h(‘wat('r absc)r])tion in tIn* prestmce 
of both hydrochloric and sulphuric acids is similar. In acapic and lactic acid 
solutions, how(‘vm\ the eurv(‘s, oven in this range, are slightly removetl 
from thos(‘ lor th(‘ inorganic acids, but as hen' thi' exjreriinent al ('rror is much 
great('r tlian m tli(‘ gelatin svstems this ajijian'nt dilTi'reiu'e may not b(' 
signitlcaut. Ostwald, Kuhn aaid Ibdiim' []925|, when working with [lowdered 
gelatin in solutions ol organic acids, obtaiiu'd swelling curvi'S which evt'ii for 
dilute solutions showial marked difb'renees irorn oiu' anotlnu. They state that 
swelling does not (h'])(md on tlie vah'ncy of the acid and that there is no 
corri'lation betwi'cn the volume of maximum swelling i]\ any acid and its 
ionisation constant. 

Tsgarisehev and Pomeran/a'va \ 1926|hav(' nu'asured the sw citing of powdered 
caS(*inogen in A/29 solutions of 25 organic acids. No record is given of the 
yq, valm* of the solutiojis and the difl’cn'iii'es obscrvial an* certainly partially 
dm* to the variation in strengths ol the acids. They state that there is no 
simple nunu'rical relationshiji betwei'ii the magnitude of tin* ionisation con¬ 
stant of the acid and the magnitmh' of tin* swi'lling ol the caseinogen and 
suggest tliat tlu' ])r(‘dominating factor is the nature and structure of tin* anion 
of tin* a(‘id. In this connection juoliably one of the most important projicrties 
of tin* acid is its afflnitv for wat(‘r. 11 the acid has a great affinity for water 
it is very probable that less watm will be availabh* for absorption by the 
gelatin. Fig. 2 shows that lactic acid, which has a tenden(*y to form an 
anhydride at higlu'r tem])eratures, /.e. an acid which has a negative aliinity 
for water, induces a liigh degree of swelling, while sul]diuric acid, wliieh lias 
a great affinity for water, espiecially at low pjj valmes, is, by some nu'chanism, 
preventing the gelatin from absorbing the water to so great an extent as in 
hydrochloric and nitric acid solutions. This vi<*w of the factors inflm'ncing 
swelling is supported by the influence of the presence of sodium sul]>hate, 
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which also in tlic anhydrons condition has a great affinity for water. The 
suppression of the acid swelling du(' to the presence of 0*01 M sodium sulphate 
is far greater than the corresponding suppression in the chloride and nitrate 
systems. When the concentration of the sul])hate is increased to 0*5 M all 
acid swelling is completely suppressed and at greater concentrations of sodium 
sulphate the gelatin is coagulated to a high degree (see Figs. 1 and 9). This 
coagulation hy sid])huric acid and sodium sul})hate is much more intense and 
far more independent of the reaction of the solution than coagulation in either 
the chlori(l(^ or nitrate systems. The pieces of gelatin on removal from M 
sodium sul])hate solutions at all valines from 1 12 were very thin and 
brittle and raf)idly dried in air, developing a surface eniores(*ence of sodium 
sul})hate crystals. This suggests that the nature of the anion in both the pure 
acid solutions and in the salt solutions plays a. very ini])ortant j)art in de¬ 
termining tlie magnitude of the swelling. Also, in the sulphat(‘ system (se(‘ 
Fig. 9), when the water absor})tion at constant pjj values is ])lotted against 
the logarithm of the concentration of the sodium sulphate then' is a point of 
inflexion on the curves at the point where the water absorption of the gelatin 
IS ecpial to that in distilled watcu. This point corresponds to l^fx'b’s theond-ical 
deduction of the limiting value of the su})])ression of the svselling when the 
internal osmotic pressure is zero [Jjoeb, 19221. 

The swelling of gelatin in all concentrations of sulphuric acid becomes 
greater as the temperature is increas(‘d (see Fig. 4). The influence of t('m- 
perature on the water absorption of gelatin in acid solutions of varying con¬ 
centrations of sodium su]})hatc at 3-5 is shown in Fig. 3. It is of importanc'e 
to note that the temperature coefficient of swelling becomes smaller as llu' 
salt concentration is increased. It may also be observed that, as in tlu' 
chloride and nitrate systems, at all salt concentrafions the tem])erature 
coefficient of water absorption is much greater abov(' 12"^ than below this 
temperature; as this is true of the behaviour of the gelatin in the chloride 
nitrate and suljdiate systems it strongly suggests that it is due to some in¬ 
herent pro})erty of the gelatin and gives support to the theory of the trans¬ 
formation of the gel form (gelatin A) to the sol form (gidatin B), a change 
which begins at about 15° [Smith, 1919], In sulphuric acid in the absence of 
inorganic salts and at reactions more acid than pjj 3-5 the gelatin dissolves 
at about 22°. Fig. 3 indicates that addition of increasingly large quantities 
of sodium sulphate not only decreases the swelling but also increases the 
temperature at which complete solution of the gelatin takes place. 

The alkaline swelling zone (pjj 8-13). 

At 18° the maximum swelling of gelatin in solutions of sodium hydroxide 
is 4700 % of its dry weight and occurs at 10-0. As the alkalinity of the 
solution is decreased there is a rapid decrease in the water absorption until 
in solutions of jqj values between 8 and 7 the water absorption is nearly 
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constant and then in solutions of lower value it more rapidly decreases 
again to reach the minimum at 

Jn the alkaline zone the sux>pression of the swelling caused by the presence 
of sodium sulx)hate is much more pronounced than that caused by the presence 
of sodium chloride or sodium nitrate (see Fig, 1). Even a concentration of 
sodium suli)hate as low as O-Ol M reduces the swelling at the alkaline maximum 
to 3000 % and 0-1 M completely masks the effect of the pjj value of the 
solution in the entire alkaline zone. In the two ])rovious studies it was ob¬ 
served that sodium (‘hloride reduced alkaline swelling, but at no concentration 



Fi^. 3. jjyi constant at 3-5, i varying from m Fiu;. 4, t varvino;, M constant at zero, 2>u 
to 25^^, M constant at 5 values varying constant at 2-0, 3 0, 5*0, 7-0 and 10*0. 

from 0 to 0-30 M. 

up to 2 M was this salt able to suppress it. comjjletely, and that the influenc(' 
of sodium nitrate w^as found to present a marked contrast. In solutions of 
concentrations of 0-1 M or less, the swelling was reduced although not (‘ntirely 
suppressed, but above this concentration sodium nitrate, b}^ virtue of its 
solvent action, caused an increase in the water absorption until at concen¬ 
trations of nitrate greater than 1-0 M the gelatin comx_)letely dissolved in 
solutions at all alkaline reactions. In the sulphate system, however, yet a 
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tliin] type of salt behaviour is observed. Increasing the concauitration of the 
sodium su]p]iat(' leads to a ]>roportionate increase in flu? sii})])ression of the 
swelling until at concentrations of sulphate great (t than 0-7 M coagulation 
is induced and is intimsified as the salt concentration is increased. In molar 
solutions ol sodium sulphate the gelatin is highlv coagulated, but not to cpiite 
such a high degree as in the corresjionding acid solutions. The influence of 
the addition ot sodium siiljihate to solutions at pj| 10 on the water absorption 
of gelatin is shown in Fig. 9. Between values of O-Ol and 0-5 if the water 
absor})tion is inversely proportional to the logarithm of th(‘ salt concentration. 
At about OT) 31 th('re is a point of inflexion on tlu' curve after which the 
swelling de(*rease8 much more rapidly and coagulation occurs. 

The property of sodium sulphate of (aiusing coagulation in modernt(dy 
concentrated solutions is also accom])anied by a rialuction in the solvent 
ac'tion of the sodium hydroxide solutions. In pure sodium hydroxiih* solu¬ 
tions complete solution of the gelatin occurs at FJ-1, whih^ in 0*1 M sul¬ 
phate solutions the gelatin dissolves at 12-G and in 1*0 M solutions the 
g(datin has not dissolved even at pjj 13*1. 

The isoelectric zone (pn 4-0). 

Minimum water absorption of gelatin occurs at pjj o-O if the solution is 
free from salts. The yireseiice of sodium sulphate in fanly dilute solution 
causes an incKaise in the water ahsorjition of gelatin in the isoelectric zone. 
As in the chloride and nitrate systems ])reviously inv(*stigated, the salt 
swelling is ])roportional to the logarithm of the sodium sidphale concentration 
at concentrations between 0*01 and (>] M (see Fig. 9). In more concentrated 
solutions, however, the three systems exhibit marked differmu'cs from one 
anotlu'r. In eoncentrated solutions of sodium chloride the logarithmic re¬ 
lationship continues to be mathematieally exact u]) to 2 M (mneentration. 
Bechhold [1912] states that there is a maximum swelling induced in isoelectric 
sodium chloride solutions at 2*4 M (‘oncentration. In solutions of sodium 
nitrate more ('oncentrated than 0*1 31 lyotropic swelling increases more 
ra])idly and is ])roportional to the nitrate concentration until in molar solutions 
the gelatin is on the verge of solution. In the sul[)hatt' systimi, however, it 
will be seen from Figs, b and 10 that as the concentration of sodium sulphate 
is inc‘r(‘ased from 0*1 to 0*5 M the swelling is practically constant, i.c. almost 
ind(‘pendent of the sulphate concentration, but at greater concentrations the 
swelling is inversely proportional to the salt concentration. Thus in the iso¬ 
electric range also, the magnitude of water absorption has been reduced to 
below that of the water of imbibition and coagulation is again encountered. 

The influence of tmnperature on the water absorption of gelatin in solu¬ 
tions at Pjj 5 is shown in Figs. 5 and 6. In the absence of salts, the water 
absorption increases gradually to a maximum as the temperature is increased 
from 0^’ to 12°. Above 12° the water absorption again decreases. In 0*01 31 
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sodium sulphate solution the water absorption increases re^ulaj-Jy wuth tem¬ 
perature but as the sulphate concentration is increased to 0-i M the tem¬ 
perature coeflicient becomes increasingly larger at temperatures above 18°. 
In O-a M and 0*5 M solutions the tem})eratur(‘ coefhcic'nt of waiter absorption 
is quite small. The curve of wader absorption in molar sodium sulphate 
solution shows that less swelling occurs at highiu tem})eratures. It should 
be not('d, however, that the sodium sidphate is much less solubl(‘ at low’^ 
tem})eratures and that a considerable quantity of the salt has crystallised 
out at 0°, halving a solution wdiich is less concentrated tfian molar. 



Fig. 5. t varying, coiiHtant at 5 0, M constant at 7 \ allies varyinL^' from 0 to 1 0 M. 

At a temperature of 25'' there is a (dearly defined maximum of lyotropic 
sw'clling in 0-1 M sodium sidphate, greater concamtrations strongly sup- 
juessing the swelling and causing coagulation of the gelatin (Fig. 0). At 0°, 
12° and 18°, the maxima are not ])ronounced, the magnitude of the swudling 
at each temperature only varying slightly betwaam 0*()I and (>5 M sodium 
sulphate concentration. 


The neutral zone G 8). 

It can be seen from Figs. 1 and 8 that at 18° the swadling of gelatin in 
dilute solutions of sodium hydroxide of value between 6 and 8 is reduced 
by the addition of sodium sulphate in concentrations up to 0-02 M, Unlike 
its behaviour in similar solutions oi the chloride or nitrate systems, the 
gelatin absorbs slightly more water as the sulphate concentration is increased 
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to 0*3 M after which further increase in the salt concentration leads to rapid 
decrease in the water absorption and coagulation. The influence of temperature 
on the water absorption at 7-0 and 7*3 is illustrated by Figs. 7 and 8. In 
sodium sul])hate solutions of concentration greater than 0*02 M, the curves 
in Figs. 6 and 8 show great similarity at temperatures of 0°, 12° and 18°, 
indicating that the magnitude of the swelling is similar in corresponding 
solutions at 5 and 7. At 25°, however, the curve for swelling in solutions 
at })ii 7 does not exhibit a maximum at 0*1 M sodium sulphate concentration 
as does the curve for solutions at 5. The water absorption of gelatin in 



Vig. G. M vai\ing, comtant at 5 0, I comtant at 0 , 12\ 18 and 25 

solutions of varying concentration of sodium sulphate at 7-3 plotted against 
th(^ temperature is shown in Fig. 7. The maximum of water absorption, which 
occurs at about 15° in sodium hydroxide solutions of p^j 7*3, is absent when 
any sodium sulphate is present. The curves relating to all concentrations of 
sulphate from O-Ol to 0-3 M lie close together and show a gradually increasing 
temperature coelEcient as the temperature is increased. In molar solutions 
increase in temperature causes decrease in water absorption by the gelatin. 
This increase in water absorption of gelatin at low' temperatures may be 
affected to some extent by the decreased solubility of the sodium sulphate. 
In moderately concentrated solutions the sodium sulphate produces the pre¬ 
dominating effect. 

It can be seen in Fig. 10 that at all pjj values and at all concentrations 
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of sodium sulphate solutions from 0*1 to 1*0 M the magnitude of the swelling 
is determined by the sulphate concentration almost independently of the 
value of the solution. 


Discussion. 

The behaviour of gelatin in the presence of dilute solutions of sulphuric 
acid and sodium sulphate is to some extent similar lo its behaviour in corre¬ 
sponding solutions in the chloride and nitrate systern^^, but, even in dilute 

• No Na 2 S 04 



Fig. 7. i varying, constant at 7-3, M constant at 5 values varying troin zoio to 1 0 M 

solutions and to a much greater extent m concentrated ones, maihed dvS.er- 
ences are patent. 

From a physico-chemical view-point the three acids and their corresponding 
sodium salts are similar in many respects but the sulphate ion is difierentiated 
by its bivalent character. Sulphuric acid also is not ionised to so great an 
extent and is only about half as strong as nitric and hydrochloric acids and 
has a great affinity for water. 

It should be borne in mind when comparing the effect of sodium sulphate 
Biooliem. 1929 xxiii 
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with that of sodium cdilorirlo and nitrate that the uuit oi concentration used 
is molecular and that equal molecular concentrations do not indicate equal 
ionic concentrations. This is particularly important when considering osmotic 
effects. The thiee systems which have been investigated form a very con¬ 
venient triad. The hydrochloric acid, sodium chloride, sodium hydroxide 
system pr(‘sents what may be regarded as the simplest tvpe, i.e. the salt action 
is almost entirely conlined to suppression of osmotic swelling in the acid and 
alkaline zones and to inducing lyotropic swndling near the isoelectric point. 


X 



Fig. 8. M varying, constant at 7 0, < constant at O'", 12^ 18^ and 25°. 


The behaviour of gelatin in the nitrate system is similar in dilute solutions 
to that in the chloride system but, as the concentration of the nitrate is in¬ 
creased, proportionately greater swelling is induced which b('coraes more and 
more predominant and leads to solution of the gelatin. In solutions of nitric 
acid the behaviour of gelatin is similar to that in hydrochloric acid, but the 
magnitude of the water absorption is slightly greater. The suppression of 
swelling by sodium nitrate in acid solutions and the induction of lyotropic 
swelling in solution.s of 0 to ()-7 M concentration at 5 are slightly greater 
than the corresponding effects in the chloride system. As the concentration 
of sodium nitrate is increased, however, this greater lyotropic swelling proves 
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to be the precursor of soliitiou, which takes place in 2 M solutions at all 
values greater than 2*5 and in molar solutions at all values above 5. In 
the nitrate system coagulation of the gelatin may occur to a greater degree 
than in the chloride system but its occurrence is tar more restricted by the 



Fig. 9. M varying, t constant at ISy constant at 2 0, 3 0, 5-0, 7-0 and 10-0 


5000l 



Fig. 10, M varying, i constant at 18^ constant at 1*5, 3-0, 5-0, 7-0, 8-5 and 10-0. 

reaction of the solution, due to the fact that the concentrated nitrate solu¬ 
tions exhibit a powerful solvent action. The powerful coagulating action which 
occurs in sulphate solutions presents a marked contrast. In sulphuric acid 
solutions of Pjj values of 3-0 or less, the magnitude of the swelling of gelatin 
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is coiisideraLly less than in the nitrate and chloride systems. As the concen¬ 
tration of the sodium sulphate solutions at 5 is increased, the lyotropic 
swelling of gelatin also is suppressed by the coagulating action of the con¬ 
centrated solutions and in acid solutions the suppression of the osmotic 
swelling is enhanced. Thus, as the sulphate concentration is increased, coagu¬ 
lation, which is antagonistic to both osmotic and lyotropic swelling, becomes 
the predominant feature at all reactions. 

It has previously been suggested [Jordan-Lloyd and Pleass, 1928] that if 
coagulation is defined as the reduction of the conccidration of water in the 
gel to l)elow" that characteristic of the waiter of imbibition of the gelatin then 
the degree of coagulation may be expressed numerically. If the ‘'coagulation 
ratio” be detined as the ratio of the percentage waught of the gelatin in dis¬ 
til h'd w'ater to its ])er(*entage weight in the conditions under consideration, 
we may compare the degree of coagulation in dihVrent systems. It should 
be noted that a coagulation ratio of 1 indicates that theie is neither swadling 
nor coagulation. Numbers greater than unity indicate coagulation and less 
than unity, sw'elling. In distilled water tlu' sw^elhng of gelatin is 1300%, 
while in molar sodium suljdiate solution at values from 1 4 it 230 . 

Thereiore in these conditions the degree of coagulation is 1300/250- r5*2. 
Similarly, at molar concentrations at pj-j 2 in the chloride and nitrale systems 
the coagulation ratio is 1-8 and 2*2 Tes])(‘ctively. At pj| 2 in 2 M ('hloride 
and nitratr' solutions the coagulation is 4*0 and 3*0 units icsjiectivelv. In 
molar sodium sul])luil(' solution the coagulation ratio slightl\’ dcau’cases as 
the reaedion becomes mor{‘ alkaline. At pj.| 5 the value is 2*9 units, wliile at 

values greater than 7 the eoagulatioii is 2*0 units. 

Th(‘ (‘oagulation in rather more dilute solutions of sodium sulf)hat(‘ is 
vt*ry inteiH'Sting. 

(V)a<niiation lalio 



0 9 M 

0 7 jM sodium Kul])hate 

2-0 

2 0 

2 0 

4'0 

2 9 

1 9 

5-0 

2 0 

I 2 

(i 5 

I ;i 

0 8 

7-1) 

10 

0-9 

1) C) 

1-7 

M 

12-0 

1-5 

1 0 


At /(ji G-f) both the curves for 0-9 ami 0-7 M sodium sulphate show a 
luiiiinuiui of coagulation. 

Tl)e curves in Fig. 10 which indicate the influence of salt concentration 
at various reactions clearly show that although at salt concentrations from 
0-1 to O-.G M the pj, value of the solution has very little effect on the water 
absorption, at greater concentrations of sodium sulphate, which lead to coagu¬ 
lation of the gelatin, the degree of coagulation is slightly greater in acid than 
in neutral or alkaline solutions. 

It is interesting to observe that coagulation of the gelatin increases its 
resistance to solution; this is true both of solution caused by increasing the 
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temperature and solution induced in alkaline fluids of liigli value. This 
suggests that coagulation is the converse ot lyotropic swelling in this res])e(‘t 
also, for swelling appears to precede and ])roinot(* solution. Thus it aj^pears 
that the relative^, concentration of water and gelatin of th(‘ aqueous phase of 
the gel greatly influences the solu)>ility of the gel in water. This suggestion 
is supported by the fact that dry isoelectric gelatin has a very low^ solubilitv 
in water, even at 100^', w^hereas if the same sample of gelatin b(' soaked in 
wat(‘r at room temperature for 24 hours, the moist gelatin may then be 
melted at tenq^eratures above 37"^ wuth the formation of quite concentrated 
solutions (15 % or even greater). 

The investigation of the water absorption of gelatin in the sulphate svstcun 
suggests that in very dilute solutions the action of sul])huric acid and sodium 
sulphate is v(U’y similar to the act ion of corrcbponding solutions in the chloruh^ 
and nitrate systtmis but as the concentrations are increased the specific nature 
of the ions becomes more and more the diuninating effect. In isoelectric 
solutions of sodium chloride, nitrate and sul])hate as the comamtrations of 
the salts are increased the divergence between the magnitudes of the l 3 a')tropic 
swelling becomes gradually more pronounced. The form of the curvees, shown 
in this and the two previous ])apers indicating a high degree of swelling 
hauling to seflution of the gel,din in the ca^e of the nitrate and coagulation 
of the gelatin in the (asf* ot the suljihatc* solutions, suggiwts that w'ith in- 
crc'asing cojicentration of salt the s])ecitic influenc(‘ of the anions Anally over¬ 
whelms the influence ot the hydiogen and of the hydroxyl ions at all values 
of Pii . 

SuMMAFn\ 

1. Maximum sw(‘lling of gelatin occurs in a solution of sulphuric ai‘id 
at 3*0. 

2. yodium sul])hat(‘ in concentrations up to 0*5 d/ in the luesfuice of 
sulphuric acid sujipresses the osmoti(‘ swelling oi the gelatin due to the acid. 
At greater concentrations of this salt there is coagulation of the gelatin. 

3. Incr(‘asing the tem])eratur(‘ of solutions in the jic'id zon(‘ <aiuses an 
increased w%ater al)sorption by the geflatin. The tem]>erat ur(‘ coeflicient of 
sw’elling is greater the higher the temperature, but is d(a‘reas(al l)y an inciaacse 
in the concentration of sodium sulplnate. 

4. The osmotic sw'elling of gelatin in alkaline solutions is su]q)ressed to 
a greater degree by solutions of sodium sulphate tlian by ecpial molar concen¬ 
trations of sodium chloride or nitrate. At concentrations of sodium sulphate 
of 0*7 M or greater, coagulation is induced. 

5. At the isoelectric point of gelatin the wader absorption in solutions of 
sodium sulphate is proportional to the logarithm of the salt concentration up 
to 0*1 M, At greater concentrations lyotropic swadling is reduced and coagu¬ 
lation occurs in solutions of greater than 0-7 M concentration. 
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6. In solutions of sodium sulpliate of 0*1 to I’O M concentration the 
magnitude of the water absorption of the gelatin is determined chiefly by the 
sulphate concentration almost independently of the value of the solution. 

7. A method of interpreting the term “coagulation*’ on a numerical scale 
is described. 

8. Gelatin in the coagulated condition tends to resist the solvent action 
of alkaline solutions. 

9. Increase in temperature generally causes greater water absorption, the 
temperature coefficient becoming larger as the tem])eraturc is increased. 

In conclusion, the author wishes to thank the Council of the British 
LeatluT Manufacturers’ Research Association for permission to publish this 
])aper and to express her gratitude to the Director, Dr Jordan-Lloyd, for her 
advic(' and helpful criticism during the progress of this work. 
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AiioxTT three years ago one of the authors [Jlarington, 1926] described an 
inij)r()ved met hod for the isolation of thyroxine from the thyroid gland, which 
Wi)s based on a graduated hydrolysis of the gland substance with barium 
liydroxide. When desiccated thyroid was boiled v^itli dilute barium hydroxide 
the iodine was separated into three fractions, the first being contained in 
the ])reci})ita1e of insoluble barium salts, the s(‘cond being olitainable by 
acidification oi the alkaline filtrat(‘, and the third remaining soluble in presence 
of acid. Thyroxine was isolated })y subjecting the first two fractious to more 
intensive hydrolysis with barium hydroxide, whilst no evidence could be 
obtained of the presence of thyroxine in the third, acid-soluble, portion. 
A similar separation of the iodine conpiounds of the thyroid into acid-soluble 
and acid-insoluble had been effected previously by Kendall by hydrolysis 
with dilute sodium hydroxide, and he was abh‘ to show [1919] that the 
])hysiological activity was confined to the acid-insolubh' fraction, i.e. to that 
fraction from whicdi alone thyroxine could be isolated. This observation has 
been confirmed by an experiment kindly performed for us by Dr J. H. Gaddum. 
Desiccated thyroid gland was boiled with 10 % crystalline barium hydroxide 
under the usual conditions and the hydrolytic prodiuds were separated into 
acid-insoluble and acid-soluble fractions; injection of 2-6 mg. ixer kg. of the 
iodine of the acid-insoluble portion produced an increase of 60 % in the 
oxygen consumption of a rat, whilst a definitely smaller effect was obtained 
aftqr injection of 26 mg. per kg. of the iodine of the acid-soluble fraction. It 
is evident, therefore, that this preliminary hydrolysis, although it is of so 
mild a character that it cannot conceivably involve any destruction of 
thyroxine, effects a practically complete separation of the latter from the 
other iodine-containing compounds which be present. 

At the time 6{ the previous investigation the isolation of thyroxine itself 
was the exclusive object in view and the further examination of the acid- 
soluble fraction was therefore postponed. The present communication deals 
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with the results of this examination, leading eventually to the isolation of 
3 : 5-diiodotyrosine, and we shall adduce evidence in support of the view that 
the whole of the acid-soluble iodine is indeed present as diiodotyrosine, whilst 
the whole of the acid-insoluble iodine belongs in all probability to thyroxine. 

If the alkaline filtrate obtained after hydrolysis of desiccated thyroid gland 
with 10 % barium hydroxide be carefully acidified with hydrochloric acid 
(to about 5-0) the thyroxine-iodine is, as previously indicated, almost 
quantitatively precipitated; after removal of this precipitate one is left with 
a solution containing 50 % or more of the original iodine of the gland, practi¬ 
cally the whole of which remains in organic combination. The solution so 
obtained is, however, of little use for further investigation, owing to its content 
of barium chloride. Our first step was, therefore, to substitute sulphuric acid 
for the hydrochloric acid formerly used for the precipitation of the thyroxine 
fraction. This step resulted in the removal of a certain proportion of the acid- 
soluble iodine by adsorption on the precipitate of barium sulphate and 
thyroxine; this amount could be easily recovered, however, by extraction of 
the precipitate with alkali, removal of the barium sulphate, and acidification, 
when the thyroxine was again preci])itated, and the filtrate containing the 
acid-soluble iodine which had been removed by adsorption on the barium 
sulphate could be reunited at a later stage with the main acid-soluble fraction. 

To return to the latter, in the first exj)eriment, the solution, which gave a 
strong biuret reaction and evidently contained for the most part peptones 
and other higher protein degradation products, was concentrated and subjected 
to more intensive hydrolysis either with acid or alkali; hydrolysis with acid 
was soon dismissed as useless, since it resulted in the entire destruction of 
the organic iodine compounds, the iodine appearing in the solution of hydro¬ 
lytic products as iodide. Hydrolysis with barium hydroxide was evidently 
much more favourable since a large proportion of the iodine remained in 
organic combination; no success, however, atteiided attempts to isolate the 
iodine compound from the hydrolytic products. Neverth(‘less these early ex¬ 
periments were useful in that they gave an indication of the probable nature 
of the compound for which we were searching; for it was observed that, after 
partial separation of the hydrol}"tic products, those fractions which were rich 
in iodine gave the colour reaction with nitrous acid and ammonia which is 
given also by thyroxine, and which was previously shown [Harington and 
Barger, 1927] to be characteristic of the o-diiodophenolic grouping, and was 
put on a roughly quantitative basis by Iiigvaldsen and Cameron [1926].* At 
this stage we returned to the original solution to see whether a preliminary 
partial separation of the iodine compound might not be effected at this early 
stage, and the mixture of products obtained after the second hydrolysis be 
thereby simplified. We found that precipitation with basic lead acetate served 
our purpose in this respect. Addition of basic lead acetate to the neutralised 
solution until no further immediate precipitate was formed removed about 
80% of the iodine; the precipitation of the iod^ine could indeed be made 
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quantitative by making the solution alkaline with ammonia, but the last 20 % 
of the iodine was accompanied by so large a preponderance of other material 
that we found ourselves finally in no better position than before the lead 
treatment; we therefore contented ourselves with the 80% precipitation 
obtained as indicated above. The lead salts were filtered oS and decomposed 
with sulphuric acid, and the filtrate, after removal of sulphuric acid, was 
united with the portion recovered, as d(‘scribed above, from the first acid 
precipitate, and was concentrated and further hydrolysed with 40 % barium 
hydroxide. After removal of barium with carbon dioxide the solution was 
treated with silver nitrate which precipitated the whole of the iodine; the 
silver salts were extracted with dilute nitric acid, the iodide formed during 
the hydrolysis being left undissolved, and were reprecipitated with ammonia; 
tliey were then decomposed with hydrogen sulphide in the usual way. We 
thus obtained a solution which gave a strong nitrous acid reaction, and it 
became more and more evident that the properties of the substance under 
investigation wore closely similar to those of diiodotyrosine. 

Earlier workers who have isolated this compound from natural sources 
[cf, e,g. Wheeler and Mendel, 1910J have employed hydrolysis with barium 
hydroxide followed by silver precipitation, and have then utilised phospho- 
tungstic acid in order to separate the diiodotyrosine from the dicarboxylic 
amino-acids which are the chief accompanying impurity. In our hands this 
r(‘agent did not prove satisfactory either from the point of view of complete¬ 
ness of precijiitation of the iodine, or from that of cleanness of separation. 
We therefore had recourse to extraction of the neutralised solution with butyl 
alcohol for the purpose in view. Continuous extraction with this solvent is 
undesirable, since, on prolonged boiling with butyl ak'ohol, diiodotyrosine 
appears to undergo some decomposition; by shaking out the warm solution 
with successive quantities of butyl alcohol [cf. Onslow, 1921] we were, how¬ 
ever, successful ill extracting the greater part of the iodine with no disadvan¬ 
tageous effects. The aqueous solution of the material extracted by butyl 
alcohol still contained some colloidal substances which inhibited the crystalli¬ 
sation of the diiodotyrosine; these sidistances could be removed by treatment, 
under the appropriate conditions, with uranium acetate, and then, after one 
more precipitation as the lead salt, the diiodotyrosine could be obtained 
crystalline without difficulty. 

Reference to the experimental part lielow, and to the diagrammatic repre¬ 
sentation of a typical experiment, will show that, although the actual quantity 
of diiodotyrosine isolated amounts only to about 11 % of the total iodine of 
the thyroid, the losses during the process of isolation are essentially the con¬ 
tinuous small losses of material which are inevitably associated with a some¬ 
what complex manipulation of this type. An exception to this statement 
may at first sight appear to be indicated by the large loss of iodine as iodide 
during the intensive hydrolysis with barium hydroxide; we have satisfied 
ourselves, however, that even pure diiodotyrosine admixed with a protein 
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and subjected to similar treatment, loses a considerable proportion of its 
iodine as iodide, and such loss may well be greater when the compound is at 
the same time being split off from peptide combination; we do not, therefore, 
regard this phenomenon as invalidating our general argument that at no 
stage is there any sharp break in the recovery of the iodine, such as would 
indicate the presence of an iodine-containing compound of a different character. 
In order further to confirm this conclusion we carried out, in one experiment, 
colorimetric determinations by the nitrous acid reaction coincidently with our 
organic iodine determinations, and, although no pretence is made that the 
colorimetric results were more than approximations, a definite parallelism 
between the two sets of observations was apparent^. 

Piavirig then convinced ourselves that we could account for all the acid- 
soluble iodine as diiodotyrosine, we returned to the acid-insoluble fraction, 
to see whether we could find here any indication of the presence of an organic 
iodine-containing compound other than thyroxine. In the method previously 
described [Harington, 1926] the thyroxine was recovered by extraction with 
alkaline sodium sulpliate; this manipulation is troublesome, and it has been 
found better to decompose the salts by suspension in warm dilute hydrochloric 
acid; lipoidal material is then remov(‘d with ether, and the remaining insoluble 
preci])itate is united with the main acid precipitate for the second hydrolysis. 
It was fonruTly stated that, at the end of the second hydrolysis, the wliolc 
of the thyroxine was to be found in the precipitate of barium salts; this remark 
r('quires modification. The distribution of thyroxine at this stage depends on 
the concentration of iodine in the solution: if this concentration (at the 
commencement of the hydrolysis) is, as in the earlier experiments, 1 mg. per cc. 
or more, it is true that most of the thyroxine appears in the precipitate, al¬ 
though even here traces may be obtained by acidification of the mother 
liquor; on the other hand, with more dilute solutions, a large ])art of the 
thyroxine may remain in solution; in any case, in carrying out this isolation, 
the solution should at this stage be acidified and any preci])itate which is 
ol)tain(Hl should be combined with the material obtained on recovery from 
the insoluble barium salts; the combined acid-insoluble material is then con¬ 
verted into crystalline thyroxine by the method previously described [Haring¬ 
ton, 1926]. 

Reference to the experimental part will show that here again we meet, in 
the process of isolation of thyroxine, with a series of losses such as can 

^ The qiiautitativo nitrous acid reaction in coloured solutions is conveniently carried out as 
follows. Ink) each of two test tubes A and B is introduced a a cc. sample of the solution to be 
tested €(jnlainm<.( approximately 0 5 mg. of iodine per cc. To A is added 1 cc. of a OT % solution 
of diiodotyrosine, to Fi 1 cc. of water. To both tubes are Jidded two drops of 30 % sodium nitrite 
and 3 drops of coneentrated hydrochloric acid; the tubes are shalom and allowed to stand 
2 minutes at the ordinary temperature; to each is added 9 cc. of butyl alcohol, the contents being 
shaken for 1 minute and allowed to separate; 5 cc. of each bulyl alcohol layer are transferred to 
the cups of a colorimeter and 0-5cc. alcoholic ammonia (0-5 N) added; the resulting pink colours 
are compared immediately. 
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reasonably be ascribed to unavoidable imperfections of technique. In the 
particular experiment described, the thyroxine ultimately isolated represented 
16 % of the total iodine of the gland substance; this is an average result with 
the improved technique now employed; we have had even better yields. As 
in the case of diiodotyrosine, so with thyroxine, the greatest loss occurs at 
the stage of the intensive alkaline hydrolysis. This loss consists in part of 
iodine split off as iodide, and for the rest of iodine which is still in organic 
combination but is soluble in acid. The proportion which appears in the 
inorganic condition is considerably less than is the case at the corresponding 
stage in the isolation of diiodotyrosine; this difference, we think, is due to 
the fact that a great part of the thyroxine, as it is set free by hydrolysis, 
separates as the sparingly soluble barium salt and is thus removed from the 
action of the alkali, whilst the soluble diiodotyrosine remains exposed to this 
action throughout th(‘ experiment. As to the further small amount of iodine 
which ap])eared at this stage in the acid-soluble organic form (an amount so 
small as to ])recliide its detailed examination) two obvious possibilities suggest 
themselves; in the first ])lace it is naturally not claimed that the division of 
tin* products of the ])reliminarv hydrolysis of the thyroid into those con¬ 
taining thyroxine on the one hand and those containing diiodotyrosine on 
the other is absolutely quantitative; indeed the experiment of Dr Gaddum 
numtioned a])ove shows that this is not the case, since a trace of residual 
physiological activity was found in the acid-soluble fraction; if, then, traces 
of thyroxine may a])pear among the acid-soluble products, it is equally possible 
that traces of diiodotyrosine may appear among the acid-insoluble substance; 
especially does this seem likely to us since one of our ])rincipal difficulties in 
the isolation of diiodotyrosine has been the extreme ease with which, from 
neutral or slightly acid solutions, this substance is adsorbed on precipitates; 
it is not unreasonable, th(‘r(*fore, to sup])ose that part of the fraction of the 
iodine under consideration belongs in fact to diiodotyrosine. A second possi¬ 
bility which must not be ignored is that, under the somewhat severe con¬ 
ditions of the hydrolysis, a part of the thyroxine may yield a product still 
containing organically-combined iodine but soluble in acid. Thus it is only 
those two iodine atoms which are situated ortho to the phenolic group of 
thyroxine which we should expect to be labile towards alkali of the concen¬ 
tration employed during the hydrolysis; were hydrolysis of these two iodine 
atoms to occur we should have a pyrogallol derivatiAT still containing iodine, 
which would almost certainly be fairly soluble in water, and such part of 
which as was not further oxidised would go to make up the fraction which 
we are discussing. In any case we find it more reasonable to suppose that 
this small fraction of acid-soluble organic iodine (which is, after all, only 5 % 
of the total iodine) appears at this stage for some such reason as we have 
suggested, rather than that it indicates the presence of an independent iodine- 
containing compound in the original gland. 

On the basis of this investigation, therefore, we feel justified in advancing 
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the definite view that there are only two iodine-containing compounds in 
the thyroid gland, namely thyroxine and 3 : 5-diiodotyrosme; in the gland 
which we have used for our experiments, the iodine would appear to be about 
equally distributed between these two compounds. This gland material, which 
we have employed throughout, is all obtained from one geographical source, 
and it has, moreover, shown a remarkable constancy of iodine content at 
whatever season of the year it has been purchased. There is, however, little 
doubt that variations in the distribution of iodine in the thyroid between 
diiodotyrosine and thyroxine may occur. Such variations would account for 
the lack of parallelism between iodine content and ])hysiological activity 
which has been observed in the past for different samples of thyroid, and for 
the observations of Kendall and Simonsen [1928] and others on the varying 
proportion of the iodine which can be obtained in the acid-insoluble condition; 
it has indeed been stated that in some glands the iodine is entirely in the acid- 
soluble condition. The suggestion has already been advanced [Harington and 
Barger, 1927] that, biologically, thyroxine is derived from tyrosine through 
the stage of 3 : 5-diiodotyrosine, two molecules of which may be supposed to 
undergo oxidative coupling with the loss of one side-chain to give thyroxine; 
the actual isolation of diiodotyrosine from the thyroid lends strong sujiport 
to this theory. If we are to regard diiodotyrosine as the precursor of thyroxine, 
it is evident, that with varying states of activity of the gland we must ex]')ect 
to find varying relationships between the amount of the precursor and of the 
complete hormone. Taking the possibility of such variations into account, an 
obvfious corollary is that the only reasonable chemical assay of the therapeutic 
value of a thyroid preparation must be based on the acid-insoluble iodine and 
not on the total iodine content of the material. 

Brief reference must here be made to a publi(‘ation by Kimdall and 
Simonsen [1928] which has recently appeared. These authors cite their own 
observations and those of other workers to the ellect that the whole of the 
phyvsiological activity of the thyroid gland cannot be accounted for by its 
thyroxine. Tlie discrepancy to which Kendall draws attention is, however, 
not so much between the activity of a gland and its content of thyroxine, as 
between the activity and the «amount of thyroxine which can be isolated. We 
think that most workers who have had experience of this type of manipulation 
will agree that a very grave dijSorence exists between the amount of a com¬ 
pound which is present in a tissue and the amount of that compound which 
can be isolated in the pure condition. We have attempted above to bring 
‘forward evidence that the whole of the acid-insoluble iodine of the thyroid 
may be regarded as thyroxine; if this conclusion can be accepted and if we 
bear in mind that the acid-insoluble fraction usually represents 40 to 60 % 
of the total iodine, and further, that the true physiological activity of thy¬ 
roxine as it occurs in the thyroid may well be different from that of the free 
compound, the discrepancy no longer appears so serious. It may be recalled 
that the physiological activity of laevorotatory thyroxine was found to be 
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definitely greater than that of the dextrorotatory isomeride, whence it was 
assumed that the former was probably the naturally occurring compound 
[Harington, 1928]. Recent experiments in this laboratory have cast some 
doubt on the correctness of this deduction, and, until the point is finally 
cleared up, we do not wish to base any arguments on the optical activity of 
the naturally occurring hormone. There remains, however, the possibility that 
the physiological activity of thyroxine in the natural state, i.e. in peptide or 
other form of combination, may be enhanced with respect to its activity in 
the free condition. We suggest that, in the present state of our knowledge, 
any remaining discrepancy between the physiological activity and the acid- 
insoluble iodine content of the thyroid may l^e explained on these lines more 
acceptably than by the gratuitous assumption of the existence in the gland 
of an “active’’ form of thyroxine diSering in chemical structure" from the 
compound as we know it. 

Experimental. 

In this part a detailed description is given of one com])lete experiment 
which is typical of several; for the sake of clarity a diagrammatic representa¬ 
tion of the process is given. 

Desiccated thyroid gland (250 g. containing 1*220 g. of iodine) was boiled 
under a reflux (*ondenser for 0 hours with 2500 cc. of a 10% solution of 
crystalline barium hydroxide; after cooling, the solution was filtered, and the 
filtrate brought to 5*0 by addition of 50 % sulphuric acid; the ])recipitate 
of thyroxine and barium sul])hate, which carried down also some of the acid- 
soluble iodine by adsorption, was filtered off, and tlie filtrate and washings (A) 
containing 515 mg. of iodiiu' were set aside. 

(1) Isolation of thyroj'ine. The precipitate of insoluble barium salts re¬ 
sulting from the jueliminarv hydrolysis was ground up and suspended in 
dilute hydrochloric acid; the solution was brought to the boil, adjusted to 
Pji 5*0 and filtered; the precipitate was ground up with ether, again filtered, 
and dissolved in dilute sodium hydroxide; the resulting solution was combined 
with that resulting from extraction of the barium sulphate-thyroxine pre¬ 
cipitate with warm dilute sodium hydroxide followed by removal of tlie 
barium vSulphate; the combined sodium hydroxide solutions contained 519 mg. 
of iodine. The total loss up to this stage was therefore 156 mg. of iodine; this 
was accounted for in part by a small unhydrolysed residue of the original 
material, and, for the rest, was spread over the various operations above 
described; in numerous experiments the distribution of these losses, as be¬ 
tween the different operations, was uniform, and each individual loss was 
small. The sodium hydroxide solutions were acidified with sulphuric acid to 
Pn 5-0 and the precipitate was filtered off; the solution was treated with 
slight excess of barium hydroxide and the filtrate (B) containing 118 mg. of 
iodine was reserved (see below). The acid-insoluble precipitate (431 mg. of 
iodine) was dissolved in 300 cc. of water with the aid of a little ammonia, 
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Table 1. Separation of iodine into acid-soluble and acid-insoluble fractions. 




SOLUTION (549 mg. I) 


SOLUTION (405 mg. I) 



PRECIPITATE (431 mg. I) 


TOTAL ACID-SOLUBLE IODINE (523 mg.) 
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Tabic II. Isolation of thyroxine and of diiodotyrosine. 

PRECIPITATE (431 mg. I) SOLUTION (523 mg. 1) 



THYROXINE (300 mg.) DIIODOTYROSINE (226 mg.) 
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crystalline barium hydroxide was added to 40 % concentration, and the whole 
was heated for 18 hours at 100°; the solution was filtered hot, the filtrate 
cooled and the barium hydroxide which separated was removed; hydrochloric 
acid was then added to 5-0 and the precipitate (C) collected; the hydro¬ 
chloric acid filtrate contained 102 mg. of iodine (in a parallel experiment this 
was shown to consist to an almost equal extent of inorganic iodide and acid- 
soluble organic iodine). The insoluble barium salts were decomposed by boiling 
with alkaline sodium sulphate, and to the alkaline filtrate was added the 
hydrochloric acid precipitate (C); the alkaline solution was heated to boiling 
and brought to 5*0 with sulphuric acid; the precipitate was collected and 
dissolved in 80% alcohol with the aid of sodium hydroxide; the solution was 
filtered, heated to boiling, and acidified with acetic acid, when there separated 
300 mg. of thyroxine. The serious loss in this process occurs therefore during 
the drastic hydrolysis; the remaining loss is accounted for by the additive 
effect of incomplete recovery from the insoluble barium salts, incomplete re¬ 
precipitation, and finally incomplete separation on crystallisation from acetic 
acid-alcohol, each individual loss again being small in amount. 

(2) Isolation ofdl-Z : b-diiodotyrosine. The filtrate A (see above) was treated 
with basic lead acetate (the b.p. solution) until no further immediate precipi¬ 
tation occurred; after standing overnight the lead salts were filtered off and 
suspended in water (2000 cc.); the mixture was heated to boiling and 50 % 
sulphuric acid was added until the reaction remained acid to Congo red; lead 
sulphate was removed by filtration and tlie liltrate wn>s freed from sul])huric 
acid by addition of a slight excess of barium hydroxide. The alkaline filtrate 
from the barium sulphate contained 405 mg. of iodine, 20 % of the iodine 
thus having been sacrificed at the stage of lead precipitation for reasons 
already given. The alkaline filtrate was combined with solution B (see above), 
and the whole, containing in all 523 mg. of iodine, was ])oiled down to 500 cc.; 
200 g. of crystalline barium hydroxide were added, and the solution was 
heated for 18 hours at 100°. A small greenish precipitate was filtered off hot, 
but contained no significant amount of iodine; the filtrate (512 mg, of iodine) 
was cooled, the barium hydroxide was filtered off and recrystallised; the 
combined mother liquors were treated with carbon dioxide and the barium 
carbonate removed by filtration and well washed; the filtrate and washings 
contained 512 mg. of iodine. Silver nitrate (20% solution) was now added 
until precipitation was comfilete, the mother liquor being free from iodine; 
the silver salts were filtered off and ground up with dilute nitric acid (free 
from nitrous acid); the filtered solution contained 328 mg. of iodine, indicating 
a loss at this stage of 184 mg. as iodide. The organic silver salts were re¬ 
precipitated by the careful addition of ammonia, filtered off, washed, sus¬ 
pended in water and decomposed with hydrogen sulphide; the solution was 
brought to the boil, the silver sulphide removed by filtration, and the filtrate, 
containing 305 mg. of iodine, was concentrated to 200 cc. under diminished 
pressure. The solution was now extracted by shaking out i^ine times with 



IODINE-CONTAINING COMPOUNDS OF THYROID 


383 


butyl alcbohol (previously purified by agitation with saturated sodium bi¬ 
sulphite followed by distillation) at a temperature of about 70°; the combined 
butyl alcohol extracts were evaporated to dryness under diminished pressure 
and the residue dissolved in water; the solution contained 284 mg. of iodine; 
the volume was made up to 500 cc., the solution was brought to the boil and 
treated with uranium acetate solution in slight excess; the preci])itate was 
filtered off and the filtrate freed from uranium with ammonia and concen¬ 
trated to 320 cc. under diminished pressure; it now contained 220 mg. of 
iodine; basic lead acetate solution was added to complete precipitation, and 
after standing overnight the precipitate was collected, well washed, and de¬ 
composed by saturating its suspension in hot water with hydrogen sulphide; 
the lead sulphide was boiled out with much hot water, and the filtrate and 
washings were concentrated to a small volume under diminished pressure; 
the solution, which was faintly acid to Congo red, was exactly neutralised to 
litmus with ammonia; on further concentration in a vacuum desiccator over 
sulphuric acid 225 mg. of a crystalline compound separated out. On re- 
crystallisation from 50 % acetic acid it formed pale straw-coloured prismatic 
needles having m.p. 198*4° (dccomp.); a sample of dl-"^ : 5-diiodotyrosine, pre¬ 
pared by iodination of dZ-tyrosine, had m.p. 197*5°, whilst a mixture of the 
natural and synthetic products melted at 198-0°^. The product from the 
thyroid gave the colour reaction with nitrous acid and ammonia with in¬ 
tensity; on evaporation of a small amount on the water-bath with concen¬ 
trated hydriodic acid, a residue was left which gave a strong Millon’s reaction. 

Analysis, 2-108 mg. required 5-00 cc. iV’/200 thiosulphate [Kendall, 1914] 

20-3 mg. gave 0-/577 mg. N (Micro-Kjoldahl) 

20-3 mg. gave 1-035 cc. moist N 2 at 21-5'^ and 764 mm. 

I N 

Found; 58-2 2-8, 2-9 

Calc, for CoHANIg: 58-6 3-2 

There remained, therefore, no doubt as to the identity of the compound 
isolated from the thyroid gland with dZ-3 : 5-diiodotyrosine. 
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PART 1. 

Since the first announcement by Abel [I926J of the isolation from commercial 
insulin of a crystalline substance exhibiting in a high degree the specific 
activity of the hormone, it has become a matter of the greatest interest to 
attempt to determine whether this crystalline material is indeed to be re¬ 
garded as insulin itself, or wdiether it is in reality an inert constituent of the 
pancreas which, in the process of preparation, has become associated with 
the hormone by adsorption or otherwise. The final proof of the identity of 
the compound with insulin, if such identity exists, can naturally only be 
afforded by synthesis; since, however, we have to do with a substance which 
is to be classed among the simpler jncteins the prospects of such a synthesis 
remain infinitely remote, and other, less direct, evidence bearing upon the 
question must be sought. Later papers from Abel’s laboratory [Abel et al., 
1927; Jensen and Gelling, 1928; du Vigncaud et al., 1928] have not increased 
the volume of such evidence to any considerable extent. Slight modifications 
have been introduced into the original method of preparation of the crystalline 
material, but these modifications do not successfully meet the criticisms which 
may be levelled at the claim to designate the substance pure insulin. In 
particular have the workers in Abel’s laboratory failed to meet the criticism 
based on the varying degree of physiological activity reported for different 
samples of a supposedly uniform substance. If we turn to the experience of 
other workers with this material we find that a similar state of affairs seems 
to exist, for whilst there is no doubt that crystals identical with those 
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described by Abel have been prepared in other laboratories by his method, 
no consistency is to be found in the degree of physiological activity assigned 
to them by different workers, or indeed sometimes by the same worker. It 
has even been stated [Dingemanse, 1928] that it is possible by adsorption 
on charcoal followed by elution with phenol and extraction of the material 
recovered from phenol with phosphate to obtain an amorphous preparation 
of a higher degree of activity than that ascribed by Abel to the crystals; this 
statement is, however, contested by the workers in Abel’s laboratory [du 
Vigneaud et al., 1928]. 

The pres(mt uncertain position of the problem seemed to us to warrant 
a renewed attemj)t to obtain more decisive evidence upon the point at issue, 
and Ave therefore set out on the present investigation with tliree main objects 
in view: (a) to obtain the material by Abel’s method and to subject it to 
thorough physiological assay, (b) to seek for alternative methods of prepara¬ 
tion, and (c) to carry out certain experiments with the crystalline substance 
designed to test the question of its identity with insulin. 

As starting material in this work we have employed in the main two 
commercial preparations of insulin. The earlier experiments were made with 
a powder prepared at the (bnnaught Laboratories in Toronto and assayed 
at 18 international units per mg., and the later experiments with a powder 
of a])proximately similar unitage kindly su])plied to us })y the British Drug 
Houses, to whom, and in particular to Dr F. H. Carr, we wish here to express 
our best thanks. We have also had the opportunity to make a few experi¬ 
ments with a [)owder prepared by Messrs Burroughs Wellcome and assayed 
at 21 international units per mg., for which we are indebted to Dr H. A. D. 
Jowett. Our first ex])eriments consisted in attempts to prej)are crystalline 
material from the Toronto insulin by the method described by Abel. After 
several failures, Ave were eA^entually able to obtain a small amount of the 
crystals by this method; our experience A\dth the technique Avas discouraging, 
however, since we found it necessary to carry out many more reprecipitations 
than are indicated by Abel, with the result that the manipulation became 
excessively laborious and the yields of crystalline material were exceedingly 
small. As soon, therefore, as we had accumulated sufficient material for the 
purpose of physiological assay, we passed on to the second object of our 
investigation, namely the search for an alternative method of preparation. 

The first impression which we, and apparently Abel himself, formed 
(although subsequent work has caused us to modify this view) was that the 
success of Abel’s method depended on the efficient buffering achieved by the 
complex mixture of weak bases which he employed; it was thought that sucli 
a system enabled the reaction of the solution to be adjusted so gently and so 
exactly to the isoelectric point that it was possible in effect to obtain a super¬ 
saturated solution from which the protein might be expected to separate 
slowly, with consequently increased tendency to crystallise. With this idea 
in mind we sought to vsubstitute a simple phosphate buffer for the mixture 
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of brucine acetate and pyridine employed by Abel, the insulin being dissolved 
at a slightly alkaline reaction, and the pjj of the solution adjusted by the 
very gradual addition of carbon dioxide; even the very slowest introduction 
of the latter, however, caused an immediate amorphous precipitate to form 
and by no fractionation on these lines were we able to obtain crystalline 
material. In the light of our subsequent experiments we are inclined to think 
that the function of the brucine acetate-pyridine mixture is not merely, as 
we first sup])osed, that of a delicate buffering system, but that other physical 
properties of these substances are involved, e.g. the lowering of the surface 
tension of the solution, thus bringing into play an effect on the properties 
of the commercial insulin analogous to that about to be described. Some 
such explanation of the role of brucine is indeed suggested by Abel himself. 

The method for the preparation of the crystalline material which has met, 
in our hands, with a certain amount of success, and which we wish to describe 
in this paper, rests on the observation that the pro])erties of commercial 
insulin are profoundly modified by the presence in the solution of an active 
saponin. As to what exactly constitutes an '‘active” saponin from this point 
of view we shall have more to say later; at this point let us assume that we 
are speaking of one which has been found by experiment to be satisfactory 
for the purpose in hand. It is well known that the commercial purification 
of insulin consists, in its final stages, of repeated precipitations at the iso¬ 
electric point, the latter lying at about pjj 4-8 -5-0; a good commercial product, 
such as either of those which we have used in this work, precipitates practi¬ 
cally quantitatively when the solution is adjusted to this reaction. If, however, 
a sufficient amount of saponin be introduced into the acid solution, the 
reaction may be carried, by the gradual addition of alkali, over the isoelectric 
point without the occurrence of any precipitation whatever. It might be 
thought at first sight that we have to do here merely with an instance of 
inhibition of precipitation or supersaturation such as is known to occur in 
simpler cases in the presence of saponin; that such a straightforward explana¬ 
tion fails to fit the facts is shown, however, by the effect of lower concen¬ 
trations of saponin. The saponin possesses apparently the additional power of, 
so to speak, sharpening the isoelectric points of the proteins present. If a 
solution of insulin in .dilute acetic acid containing about 1 % of saponin is 
treated gradually wdth ammonia, a definite turbidity is observed when the 
Ph is about 4*5; in the absence of saponin, turbidity occurs earlier and a gross 
flocculation is already apparent at this reaction. On keeping the saponin- 
containing solution, a flocciilent precipitate separates in the course of about 
30 minutes, and may be removed on the centrifuge, when it is found to 
represent about 30 % of the weight of the starting material but only 15-20 % 
of the activity. Whilst continued addition of ammonia to the solution of 
insulin in dilute acid in the absence of saponin causes steadily increasing 
precipitation up to about pjj 5*0, further addition of alkali to the saponin- 
containing solution after removal of the precipitate at pjj 4*5 causes no visible 



change until the reaction reaches 5-(>, at which point an opalescence de¬ 
velops; if the addition of alkali be interrupted and the solution kept overnight 
a precipitate forms which, in a satisfactory experiment, is already partly 
crystalline. A second similar isoelectric precipitation from more concentrated 
solution in presence of saponin results in a product which is almost entirely 
free from amorphous materia], although not yet of very definite form. The 
precipitate may now, however, be successfully recrystallised by isoelectric 
precipitation from a phosphate buffer solution without the aid of saponin, 
and, by the selection of appropriate conditions of temperature and concen¬ 
tration, may be obtained in remarkably large and well-defined crystals. 

Given, therefore, a suitable saponin vse possess, in tlie technique sum¬ 
marised in the last paragraph, a simple and rapid means for the preparation 
of crystalline material from a commercial insulin powder of the unitage 
indicated. There are many factors, how^ever, which render the situation less 
sim})le than is indicated by the above brief description. The difficulties of 
standardising any method requiring the delicate adjustment of physico¬ 
chemical conditions, which involves the use of saponin, are obvious. Conn 
mercial saponins are crude substances of varying origin and variable properties; 
from the commercial point of view the value of a saponin is determined solely 
by its frothing capacity, and we were soon able to show that this property 
by itself fails to give an indication of the efficiency of a saponin for our purpose. 
We are indeed quit(i unable to offer any rational explanation of the mechanism 
of the action of saponin in promoting the crystallisation. That it is not, 
entirely at any rate, a question of the lowering of surface tension is indicated 
by the failure of substances such as the higher alcohols, which lower surface 
tension to a still greater extent, to achieve the same object, at least with a 
similar efficiency. Part of the effect is undoubtedly to be ascribed to the 
power of saponins to inhibit precipitation in general, and in so far as this 
is concerned, there is some indication that a high frothing capacity on the 
part of a saponin implies also a high capacity for promoting supersaturation. 
A not less important factor, however, is the apparent ability of certain 
saponins to effect the sharpening of the isoelectric points of the mixture of 
proteins which constitute commercial insulin, with the result that it becomes 
possible to precipitate the proteins individually at fairly widely differing and 
clearly defined points instead of throwing down the mixture en masse over a 
more extended range of pn . It is evident that from the preparative stand¬ 
point these two properties of the saponin are to some extent mutually 
antagonistic. The more saponin used the greater is the degree of super- 
saturation induced and hence the low^er is the yield of crystals; on the other 
hand, the crystallisation fails entirely to occur if enough saponin be not used 
to effect the separation of the isoelectric points (if we may so designate the 
phenomenon discussed above) in a well-defined manner. By a fortunate 
coincidence the first sample of saponin which we tried possessed eminently 
satisfactory properties in both respects. The next sample, although ostensibly 
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of similar quality, was almost entirely useless for our purpose; various sub¬ 
sequent samples of saponin have exhibited differing degrees of efficiency, as 
determined by the number of precipitations necessary for the purification 
and by the yield of crystalline product obtained. The cruder samples con¬ 
tained considerable amounts of calcium sulphate and traces of heavy metals; 
with sucli samples, as might be expected, immediate precipitation of part of 
the insulin occurred even in fairly acid solutions, and an unduly large amount 
of material was therefore removed with the first acid precipitate at 4-5. 
Apart from the elimination of such gross impurities, however, it was difficult 
to detect any distinguishing feature by which a saponin might be recognised 
as being suitable for the purpose in hand. In the search for such a criterion 
we investigated the haemolytic power of the various saponins employed, for 
help in which part of the work we are indebted to Dr H. I). Wright; as will 
be seen from the results recorded below there does appear to exist at least 
a rough ])aralle]ism between tlie haemolytic indices of the different saponins 
and their efficiencies in promoting the crystallisation; as an approximation 
it may be said that, as far as our experience extends, a saponin with a haemo¬ 
lytic index of less than 1 : 8000 is unlikely to be of much use for the purpose. 

Apart from the variability of the different saponins themselves, a further 
complication is introduced by the effect of surface. The method was first 
worked out for 20 mg. samples of the crude insulin powder, and we were for 
a long time troubled by our inability to extend the process to larger amounts. 
Thinking that the difficulty might be due to the importance of j)reserving 
correct time-relationships between the different stages of the manipulation, 
we performed many experiments on the adjustment of these relationships, 
all however to no jmrpose. We were then reminded of Ihe fact that when a 
solution of saponin is introduced into a glass vessel a gradual concentration 
of the saponin occurs at the liquid-glass interface, and this was apparently 
the key of the situation. In the earlier small-scale experiments mentioned 
above the solution was always transferred, at the crystallising point, to 15 cc. 
centrifuge cups in which the liquid-glass interface was about 25 cm.^ for a 
total volume of 9 cc.; in the larger experiments involving greater volumes 
of liquid, the final solution was left in a beaker, or transferred to larger 
centrifuge cups of a different shape; in either case the ratio of liquid-glass 
interfacial area to volume of solution was significantly lower than that in 
the small experiments; in the case of the beaker the surface w^as only 45 cm.^ 
for a volume of 45 cc. Such larger experiments led to no good result, and it 
-was only when, after many variations, w^e restored this ratio to its original 
value by dividing the final solution, as soon as it was adjusted to the correct 
Pjj over a large number of the 15 cc. cups, that we were successful in achieving 
the crystallisation of larger amounts. We were subsequently able to bring 
about the same result by leaving the solution in the beaker and introducing 
the requisite number of glass rods to bring the interfacial area to the same 
proportionate amount as in the small tubes. It may be noted here that it is 
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in the first separation from the crude insulin powder that the surface re¬ 
lationship is of paramount importance; once the ])rocipitate has been obtained 
even partly crystalline this factor becomes of less significance. In all proba¬ 
bility there exists an optimum relationshij) between the concentration of 
sa}>onin employed and the surface-volume ratio which we have just discussed, 
and the particular suitability of the 15 cc. centrifuge cups for our ])urpose is 
decided by the concentrations of saponin which w(* have arbitrarily selected. 
Much further experimental work, however, will be required to clear up this 
point, and, for the present, we have contented ourselves with the preserva¬ 
tion of the correct relationship by the simple expedient indicated, since we 
have not attempted to extend the meihod to larger quantities than 0-5 g. of 
the crude powder. It is hoped in the near future to carry out further experi¬ 
ments with the object of defining the optimum (‘onditions more exactly. In 
order to make the method, at least for small quantities, readily reproducible, 
we liave worked out the details for the crystallisation using j)ure digitonin 
instead of a commercial saponin; the conditions for the Tise of ordinary 
saponins can at present only be described in somewhat general terms, the 
e.xact del ails having to be worked out for each sample. 

Perhaps the least satisfactory feature of the whole method is the poorness 
of the yield. With the different saponins of which we have had experience 
this has varied from 5 to 15 % of the crude })Owder, which, considering the 
relatively small access in activity on crystallisation, evidently leaves much 
to be desired; we have, however, done little or nothing towards working up 
residues, and it is not unlikely that a systematic application to this task 
would effect a considerable increase in the total yield obtainable. 

It will be a})parent from what has been said that a large amount of experi¬ 
mental work remains to be done in order to realise to the full the possibilities 
of the method which we describe. Nevertheless we are publishing our results 
at the present; stage, partly because our immediate association in the work 
can unfortunately not be continued, but also because we feel that, even so 
far as our experiments have gone, we have some evidence to offer bearing on 
the question of the identity or non-identity of the crystalline compound with 
insulin. 

It may be said at once that the strongest evidence on the last-mentioned 
point is to be found in the results of the physiological assay contained in 
Part II of this paper. The impressive consistency of the results reported by 
independent workers for the activity of four different samples of crystals, 
two obtained by Abel’s method, and two by our own, must, we think, be 
accepted as a powerful argument in favour of the identity of the compound 
with insulin. In addition to the results recorded in Part II assays were per¬ 
formed by the mouse method on samples of crystals prepared from the B.D.H. 
insulin by the use of saponin and from the insulin of Messrs Burroughs 
Wellcome by the aid of digitonin. In both cases the product showed an 
activity of 25 international units per mg. 
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To obtain evidence as impressive from the chemical side is a difl&cult 
matter, but there is no doubt that the results of our experiments point in the 
same direction. The crystals themselves exhibit a clearly defined structure, 
which is well depicted in the photograph (Plate 1) (kindly taken for us by 
Mr J. E. Barnard); all preparations present an appearance of absolute unifor¬ 
mity, not only to our eyes, but to those of a crystallographer^; the possibility 
that they may represent a mixed crystal containing insulin as one com- 
})onent seems therefore remote. There remains the more likely suggestion 
that they may owe their physiological activity to the adsorption of a trace of 
a highly active substance, and this criticism is the more difficult to meet, 
since the crystals can only be obtained under one set of physico-chemical 
conditions, namely by isoelectric precipitation. We think, however, that the 
success of the saponin method does afford some evidence against the adsorp¬ 
tion theory, since it is difficult to suppose that the conditions of adsorption 
would not be modified by the presence in the solution of so highly surface- 
active a substance as saponin, and yet the saponin method and that of Abel 
lead to products of identical activity. Further, we have been able to show, 
in confirmation of Abel, that the crystallisation may be effected from 60 % 
alcohol instead of from water without modification of the activity of the 
product. Negative evidence on tlie same point is provided by the failure of 
our attempts to recover any crystalline material from solutions of the crystals 
which had been subjected to the mildest chemical treatment consistent with 
destruction of the physiological activity. 

The conception that insulin, with its high degree of specific physiological 
activity, should be a protein without any obvious distinguishing chemical 
property is admittedly not readily acceptable; still less acceptable to many 
minds will be the notion that the best commercial products, prepared by 
empirical methods, should represent almost pure insulin. The latter objection 
is, however, based on prejudice rather than on reason, and we suggest that 
both difficulties may be largely removed by a hypothesis which we wish 
tentatively to advance. 

Let us suppose that we take thyroid gland, extract therefrom the iodo- 
thyreoglobulin, and, by some manipulation, succeed in obtaining the latter 
in the crystalline form. We should then have in our hands a crystalline protein 
exhibiting (although, owing to its large molecular weight, not in a very high 
degree) the specific physiological activity of the gland; we might, therefore, 
not imjustifiably, designate the product the pure active principle of the thyroid. 

.. In the light of our present knowledge we recognise that such a designation 
would be correct only in a limited sense, since the actual physiological activity 
is due, not to the protein as a whole, but to its specific constituent thyroxine. 
In a similarly limited sense we are inclined to regard the crystalline protein 

^ The crystals were kindly examined for us by Dr T. V. Barker of the Department of 
Mineralogy, University of Oxford, who expressed the opinion that the preparation had the 
appearance of “a definite substance with well-defined crystallophysical properties.” The crystals 
were too small to permit of complete crystallographic measurements. ^ 
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from the pancreas as being the true active principle of the gland in so far as 
the function of the latter in relation to carbohydrate metabolism is concerned. 
We feel that in this case, as in that of iodothyreoglobulin, the physiological 
activity is a property, not of the protein as a whole, but of some specific 
constituent or grouping contained within its molecule. The thyroid protein 
is differentiated from other proteins in an obvious manner by its iodine content, 
and the>»specific constituent, being a simple amino-acid, can be readily sepa¬ 
rated from the rest of the molecule; the insulin protein bears no such chemical 
earmark, unless it be the high content of sulphur. The analogy which we have 
drawn between the thyroid protein and the insulin protein must not be taken 
to indicate that we believe such a separation of the specific group to be 
necessarily practicable in the latter case. As a theoretical possibility, however, 
it seems worth bearing in mind. 

Experimental. 

The method of Abel. The first experiments consisted in attempts to apply 
the method described by Abel et aL [1927] to the preparation of crystalline 
material from the Toronto insulin powder assayed at 13 international units per 
mg. Although we followed the directions given by Abel with the greatest care, 
all our solutions being carefully checked, w^e met at the outset wdth a puzzling 
discrepancy in that we failed to obtain any precipitate on the addition of 
pyridine. In this respect the crud^ insulin was apparently behaving in a 
manner similar to that noted by Abel as characteristic of the crystalline 
material. We, therefore, proceeded with the addition of ammonia, using a 
0*85 % solution as indicated by du Vigneaud et al. [1928]^; after addition of 
the specified amount of ammonia we obtained a precipitate which was re¬ 
moved on the centrifuge, forming a somewhat gummy mass; nothing sepa¬ 
rated from the mother liquor on keeping the latter in the ice-chest, and, on 
testing, the solution was found to be considerably more acid than it should 
be according to AbeFs description; further ammonia wtis added (3 cc. for 
every 0*1 g, of original insulin) to bring the reaction^ of the solution to pjj 5*(). 
At this point an opalescence developed, and, on keeping the solution in the 
cold, a precipitate settled out, which was, howmver, amorphous. By repeatedly 
putting this precipitate through a similar process in continually diminishing 
volume (using always more ammonia than indicated by Abel) the material 
was eventually obtained in the crystalline condition as described by Abel, 
and was recrystallised in the absence of brucine either by the method given 
in his paper, or better from a phosphate buffer as described below. No ex¬ 
planation of the differences observed by us can at present be given. We 
mention our experience for the possible interest of other workers who may 

^ In the paper by Abel et al. [1927] the use of 0-65 % ammonia for the crystallisation js 
described; a subsequent paper by du Vigneaud et al [1928] from Abel’s laboratory gives 0*85 % 
as the concentration of this reagent, no reason for the change being given so far as we can ascertain. 

® All pjg determinations mentioned in this paper were made colorimetrioally. 
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be attempting to carry out this manipulation. The discrepancy was not due 
to excess of acid adherent to or combined with the original insulin, since this 
was neutralised at the outset; attempts at purification of the crude powder 
by the })henol treatment of Abel or by continuous extraction of an isoelectric 
suspension with butyl alcohol under diminished pressure failed to bring the 
behaviour of the insulin into line with that of the sample which Abel em¬ 
ployed, although the butyl alcohol extraction, which removed a small amount 
of physiologically inert material (possibly of a lipoid character) did appear 
to improve the conditions for crystallisation to a small extent. At the best, 
however, the yields were so minute and the method so time-consuming that 
we soon passed on to the attempt to find an alternative procedure, particu¬ 
larly as we were anxious to break away entirely from the use of brucine— 
a substance which, in a case such as the present, has very obvious disad¬ 
vantages. 

Experiments with carbon dioxide. It was thought that the reaction of an 
alkaline buffer solution containing insulin might be adjusted so delicately by 
the gradual introduction of carbon dioxide that we might in this way achieve 
the necessary suj)ersaturation at. the isoelectric point, dispensing with the 
elaborate mixture of weak bases. With this object 0*1 g. of insulin was dis¬ 
solved in 4 cc. of water together with 0*3 cc. of O'l N hydrochloric acid, and 
this solution was mixed wdth 10 cc. of a phosphate buffer at 7*0 to which 
had been added 1-5 cc, of 0-1 N sodium hydroxide. A slow stream of carbon 
dioxide was passed into the solution through a capillary tube; after 3 minutes 
an opalescence was apparent. The addition of carbon dioxide was interrupted 
and the solution allowed to stand for some hours; the precipitate was 8ej)arated 
on the centrifuge, and the mother liquor further treated with carbon dioxide; 
this caused almost immediate further precipitation, and by the time the 
reaction had reached about pjj 6*4 the greater part of the insulin had separated 
in the amorphous condition; no tendency to crystallise was observed at any 
stage, nor did any fraction obtained by precipitation with carbon dioxide 
appear to be more suitable for crystallisation by the brucine method than 
the original crude powder. These experiments were, therefore, not pursued 
further. 

Saponin nieihod. The observations on which this method is based have 
been discussed in the introductory part of this paper and need not be further 
referred to here; nor shall we do more than mention the very numerous 
experiments which have been made on the effect of variations in temperature 
and in the time-relations of different parts of the process, and on the optimum 
point at which to remove the first precipitate. In this section we propose to 
describe {a) the method by which we gauge the most suitable amount of 
saponin to employ, {h) the crystallisation with the aid of a good commercial 
saponin, (c) the method with the use of digitonin. 

(a) Determination of correct amount of saponin. A 6 % solution of the 
saponin in distilled water is made. (This solution should be prepared freshly 
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each day owing to the rapidity with which it becomes infected.) A stock 
solution of insulin is then prepared by dissolving 0*1 g. of the commercial 
powder in 5 cc. of 10 % acetic acid and making the volume up to 25 cc. with 
distilled water. This stock solution is divided into five equal portions, and 
these are treated with 0-5, 0-75, 1-0, 1-5 and 2-0 cc. of the saponin solution 
respectively. The solutions are warmed to 35'^ and to each portion is added 
1*6 cc. of 0*85 % ammonia. After standing for 30 minutes at 35° the preci- 
])itates which have formed are removed on the centrifuge, and the mother 
liquors are adjusted to jqj 5*6 by the addition of a further 1*7 cc. of the 
0*85% ammonia and transferred at once to 15 cc. centrifuge cups. It is 
important to adjust the reaction to 5*6 as rapidly and as sharply as 
possible; the exact amount of ammonia necessary will vary slightly with 
different samples of insulin according to the amount of acid present. The tubes 
are allowed to stand, with occasional scratching with a glass rod, and are 
examined next day. With a good saponin the general result of such an experi¬ 
ment will be that in the tubes with the lower concentrations of saponin there 
is a large amount of amorphous precipitate whilst in those with the high 
concentrations the precipitate is mostly crystalline but small in amount; it is 
usually fairly easy to pick out that tube of the series in which conditions are 
best, i.e. where there is the largest amount of precipitation consistent with 
the absence of grossly amorphous material. It must be understood that, in 
s[)eaking of crystalline material at this stage we do not mean to indicate that 
it already has a well-defined form; this is not the case, but with some ex¬ 
perience it becomes quite easy, on examination under a high power of the 
microscope, to distinguish between material which, while not yet of definite 
form, will recrystallise satisfactorily, and the ragged grossly flocculent im¬ 
purities which must be avoided. It is really only by experience that these 
differences can be recognised; a more precise verbal description is difficult to 
give. However, those tubes in which conditions are good are usually macro- 
sco})ically distinguished by the separation of material on the sides of the vessel 
where it has been scratched with the glass rod. In the case of our best com¬ 
mercial sa[)onin optimum conditions obtained in the tube to which 1*0 cc. of 
the saponin solution had been added; in this case, therefore, a typical experi¬ 
ment was as follows. 

(b) Crystallisation with commercial saponin. To 5 cc. of the stock solution 
of insulin in 2 % acetic acid (representing 20 mg. of the crude powder) was 
added 1 cc. of 6 % saponin solution; the mixture was warmed to 35°, treated 
with 1*6 cc. of 0*85% ammonia, and kept at 35° for 30 minutes; the pre¬ 
cipitate was removed* on the centrifuge and the mother liquor adjusted as 
rapidly and sharply as possible to 5*6 by the addition of 1*7 cc. more of 
the ammonia, and transferred immediately to a 15 cc. centrifuge cu]). At 
this point the solution was still clear or only very slightly opalescent; on 
standing and scratching with a glass rod a turbidity soon developed, and 
overnight a precipitate separated which was largely micro-crystalline in 
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character. Five such tubes were usually prepared simultaneously, or 100 mg. 
of the crude powder was worked up as a whole, the final solution being divided 
over 4 or 5 tubes; after separation was complete the precipitates were collected 
with the aid of the centrifuge and combined in solution in 2-5 cc. of 10 % 
acetic acid and 10 cc. of water; 2*5 cc. of the 6 % saponin were then added 
and the reaction adjusted immediately to 5-G by the addition of 8*26 cc. 
of 0-85 % ammonia. This time the precipitate was almost entirely micro¬ 
crystalline, although not yet of definite form. A further crop of crystalline 
material could sometimes be obtained by saturating the mother liquor with 
butyl alcohol. The final crystallisation was effected as follows. The whole of 
the precipitate after the second separation in presence of saponin (repre¬ 
senting 100 mg. of crude insulin) was dissolved in 4 cc. of water and 0*4 cc, 
of 0*1 A hydrochloric acid; the solution was poured with stirring into a mixture 
of 16 cc. of a phosphate buffer at p^ 7, prepar(‘d according to Clark [1923], 
to which had been added 0-8 cc. of 0-1 N sodium hydroxide; the resulting 
solution was warmed to about 55"^, treated with 1*0 cc, of 0*1 N hydrochloric 
acid, which brought the reaction to p^ 5-6, and set aside. Within a few hours 
there separated a precipitate which was now wholly crystalline and exhibited 
the characteristic form. The size of the crystals could be increased by one or 
two further separations from phosphate solution on the same lines. The best 
results in this last crystallisation were obtained if the solution, after adjust¬ 
ment to the isoelectric point, were left entirely undisturbed so that the material 
should separate as slowly as possible. The yield varied with the saponin and 
the crude insulin employed, amounting to 5-15 % of the starting material. 
A physiological assay in one case indicated that 50-60 % of the activity 
remained in the combined mother liquors, 15-20 % being lost in the first 
acid precipitate, which however amounted to 30 % of the weight of the 
original insulin; this partition probably varies somewhat with different 
saponins and different preparations of insulin. We have, up to the present, 
made no attempt to subject the material recovered from the mother liquor 
to crystallisation; that it would almost certainly be possible to do so with 
more or less success is indicated, however, by an experiment in which we were 
able to obtain crystals from a crude powder of as low an activity as 8 inter¬ 
national units per mg. 

We have had experience in all of nine samples of saponin of which the 
first was considerably the best; this was a sample of “white saponin’’ pur¬ 
chased from the British Drug Houses. The second sample, purchased under 
the same description, turned out to be practically useless; subsequently we 
tried a number of commercial samples, all of which were more or less useful 
for our purpose, although some of the cruder ones, containing as they did 
large amounts of inorganic matter, even including traces of heavy metals, 
caused an apparent denaturation of a part of the insulin. In the attempt to 
find some correlation between a measurable physical property of a saponin 
and its usefulness for our purpose we have compared in Table I the frothing 



INSULIN 


395 


capacity and haemolytic power of the various saponins with their efficiency 
in promoting crystallisation. In this table the frothing number is given as 
that concentration which on shaking for 15 seconds in a tube of 16 mm. 
diameter produces 1 cm. of froth measured after 15 minutes. The haemolytic 
power is expressed as the minimum concentration necessary to produce com¬ 
plete haemolysis of a 5 % suspension of rabbit’s washed red blood-corpuscles 
in 0-9 % sodium chloride during 2 hours at 37°. (For these determinations 
we are indebted to Dr H. D. Wright.) Unfortunately the data are not available 
for the first and best of our saponins, since we had exhausted the supply of 
this material before running into the difficulties which persuaded us to make 
the comparison. The true haemolytic value for digitonin should probably be 
somewhat higher than that given, since part of the digitonin is precipitated, 
presumably by the cholesterol from the cells, and is thus removed from the 
solution. The general result of the comparison is to indicate that, from the 
point of view of efficiency in promoting the crystallisation, the haemolytic 
index of a saponin is of more significance than is its frothing power. 

Table I. 


Saponin 

Frothing 

number 

Haemolytic 

index 

Crystallising 

efficiency 

White No. 1 

Not determined 

Not determined 

-f- + 4- 

•'> 

1 :25,000 

1 : 4,000 

Useless 

U „ 3 

] : 25,(K)0 

1 : 8,000 

+ -f 

A 

1 :20,000 

1 :32,000 

-i- + 

B 

1 : 16,000 

1 : 32,000 

+ + 

C 

1 : 15,000 

1 : 32,000 

-f + 

D 

1 : 15,000 

1 : 32,000 

-f 

E 

1 : 9,000 

1 :16,000 

+ 

F 

1 : 10,000 

1 :32,000 

4- + 

Digitonin 

1 : 30,000 

1: 8,000 

+ + 


Digitonin method. The insulin powder (0*1 g.) is dissolved in 5 cc. of 10 % 
acetic acid and the solution is made up to 25 cc. with water; 0-125 g. of 
digitonin dissolved in 2*5 cc. of water is now added, followed by 8 cc. of 
0-85 % ammonia; after standing 30 minutes, the precipitate is removed on 
the centrifuge and the mother liquor adjusted to addition of 

8-5 cc. of 0-85% ammonia; the solution is then divided over four or five 
15 cc. centrifuge cups and set aside; after standing for some hours (preferably 
overnight) the precipitate is separated on the centrifuge and subjected to a 
similar process, using half the quantities of all reagents; after the second 
separation the precipitate may be successfully crystallised from a phosphate 
solution exactly as described above. In the case of the digitonin, as in those 
of some of the commercial saponins, there may be little sign of actual crystalli¬ 
sation as the result of the first two precipitations, the visible improvement 
consisting rather in the elimination of the grossly flocculent amorphous 
material; so long as the removal of the latter is complete, however, the final 
crystallisation from the phosphate solution succeeds. The yield by the 
digitonin method has not been.more than 10 % of the starting material. 
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Miscellaneous ex-periments. 

(а) Butyl alcohol. The observation noted above that a further crop of 
crystalline material may be obtained from saponin-containing mother liquors, 
combined with the consideration of the part w'hich must be played in the 
whole process by the lowering of the surface tension of the solution produced 
by saponin, led us to try some experiments on the effect of butyl alcohol alone. 
Crude insulin was, therefore, subjected to a process similar to the phosphate 
crystallisation described above except that 5 % of purified fsobutyl alcohol 
was added to the alkaline solution immediately before adjustment to the 
isoelectric point. In this way we were indeed successful in obtaining some 
material which appeared partly crystalline, but attempts at recrystallisation 
did not lead to a satisfactory product. It was, moreover, noticed that part 
of the material had lost its acid-solubility as the result of the butyl alcohol 
treatment, i.e. was partly denatured, and these experiments were, therefore, 
not pursued further. 

(б) Bile salts. In the search for a substitute for saponin of a more re¬ 
producible character than the latter, an experiment was made to see whether 
bile salts could be employed; it was found, as was anticipated, that they were 
useless in solutions of the acidity which we were employing. 

(c) Inactivation experiments. In order to obtain some evidence bearing on 
the question of the identity of the crystalline material with insulin, particu¬ 
larly in relation to the adsorption theory discussed in the introductory part, 
attempts were made to recover crystals from solutions of the latter which 
had been subjected to the minimum treatment with alkali which was necessary 
to bring about more than 80 % inactivation. The crystals (20 mg.) were 
dissolved in an alkaline phosphate solution (40 cc.), t\\e.p^ being approximately 
10-5; in order to produce the required degree of inactivation, this solution 
had to be heated at 70° for 30 minutes; after such treatment, on readjustment 
to 543, only amorphous material separated, nor could any crystals be ob¬ 
tained by subjecting this material to the saponin treatment. The inactivation 
by alkali was apparently irreversible, i.e. no regeneration of activity or of 
potentially crystalline material was observed on making the reaction acid and 
keeping the solution. 

Appearance ayid analysis of the crystals. 

The preparations of crystalline material present alw^ays an appearance of 
absolute uniformity. Seen under a low power the most conspicuous feature 
As the hexagonal outline noted by Abel, Examined more closely under a high 
power the crystals present the appearance of cubes, or rhombohedra approxi¬ 
mating to cubes, which are standing on one comer, thus giving rise to the 
hexagonal outline already mentioned. This description has naturally not the 
slightest crystallographic significance, and the crystals are too small for com¬ 
plete angular measurements to be made. They are weakly doubly-refracting 
and have a refractive index of approximately 1*58. The optical appearance of 
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the crystals is better depicted in the accompanying photographs (Plate I) 
than it can be described in words. 

For analysis, some of the material was dried in a vacuum desiccator over 
sulphuric acid at the ordinary temperature and then allowed to come to 
equilibrium with the air; analysed in this condition it gave the following 
figures, which agree closely vnth those given by Abel for his air-dried substance^. 
4-8(U mg. gave 8-79 mg. C() 2 , 2 9 mg. R/) 



4-9()() 

„ 8-93 mg. 

CO,, 3-08 mg. H./) 


2-945 

„ 0-365 rc. 

Ng at 21-5'^ and h)7 mm. 


3-028 

„ 0 364 cc. 

at 22 and 767 mm. 


11-200 

„ 2-535 mg. 

BaSO, 

Whence 

C 

H 

N S 


49-61 

6-81 

14-49 3-11 


49-11 

6-95 

14-03 — 



PART 

ii. 


In Part I of this paper is described the preparation from insulin of crystals, 
indistinguishable from those obtained by Abel and his colleagues, by the aid 
of a simpler method than that which they have used. Preliminary trials 
showed that these crystals possessed the specific activity of insulin in a high 
degree. It appeared to be important to have this ])hysiological actis^ity 
measured as accurately as the available methods allow. Two questions con- 
c^Tiiing the activity of such insulin crystals seemed to us to require more 
definite answers than they have hitherto received. 

1. Do tlie crystals, apparently pure and identical, obtained by different 
procedures, show a uniform activity, or an activity which varies from batch 
to batch? A precise answer to this question would have an obvious bearing 
on the claim of the crystals to be regarded as insulin itself in pure form. 
A wide variation in activity from batch to batch would be inconsistent with 
such an identification; uniform activity, on the other hand, in batches pre¬ 
pared by different methods from different samples of the crude insulin, while 
not affording conclusive proof that the crystals are j)ure insulin, would be 
difficult to reconcile with the view that they coiivsist of a non-specific, inert 
material, on which the insulin is merely adsorbed. 

2. If the crystals show uniform activity, w^hat is the degree of that 
activity, expressed in the commonly accejited units? 

In spite of the large amount of work on the subject during the past two 
years, the information on these two points, obtainable from the literature, 
is curiously incomplete and unsatisfactory. In his first paper on the subjc'ct 
Abel [1926] did not attempt to assign a definite unitage to the crystals, 
merely indicating that 1/IOOmg. in one experiment, and 1/125 in another, 
had sufficed to reduce the blood-sugar of certain rabbits to the traditional 
^ Analyses performed by Dr Ing. A. Schoeller, Berlin-Schmargendorf, Tolzerstrasse 19. 
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^'conviilsant leveP’ of 45 mg. per 100 cc. and even to produce actual con- 
vulBions. In a later paper, published with Gelling, Rouiller, Bell and Winter- 
steiner [1927], he assigned a value of 90 units per mg. to a sample of the 
crystals. More recently du Vigneaud, Geiling and Eddy [1928] have recorded 
a value of 54 units per mg., and Jensen and Geiling [1928] one of 45 units 
per mg., for different samples of the crystalline product^. 

Taken at their face value, these estimates do not give an impression of 
uniform activity in the different samples; nor, with estimates spread over so 
wide a range, is it possible to select one as representing the true and charac¬ 
teristic activity of the crystals; though the fact that actual convulsions are 
recorded in certain rabbits, receiving as little as 0*01 mg., suggests an activity 
higher than that of the purest insulin obtained by ordinary methods. On 
none of these points, however, can we regard the evidence of these measure¬ 
ments as satisfactory or convincing, since they were all obtained by the old 
method of direct calculation from the degrees of hypoglycaemia produced in 
unstandardised rabbits. It is not possible to attach a precise significance to 
unit values which have not been measured by comparison with, and expressed 
in terms of the International Standard, which since 1925 has afforded the 
basis for the unit by international agreement and general use. Such measure¬ 
ments of the activity of the insulin crystals, in relation to the International 
Standard, have been published by Freudenberg and Dirscherl [1928], who 
obtained the values of 23 and 26 units by different comparative methods. 
The difference between these two figures is not greater than the error of any 
method yet available; but the potency which they indicate is only about one- 
half of those more recently published from Abel’s laboratory. 


Plan of the investigation. 

Four lots of the crystals were selected, two prepared by Abel’s method, 
and two by the new method described in Part 1. Taking them in the order 
in which they were examined they were as follows. 

A, Crystals obtained by Harington and Scott, using Abel’s method, from 
Toronto insulin having a unit value of 13-15 units per mg. 

Test solution A made by dissolving 10*2 mg. in 50 cc., i.e. 0-204 mg. per cc, 

B. Crystals from the same Toronto insulin, prepared by Harington and 
Scott’s '^saponin” method. 

Test solution B contained 11*8 mg. in 50 cc., i.e. 0*236 mg. per cc. 

('. Prepared from the same raw material, and by the same method as B, 
but on a different occasion. 

Test solution C contained 10*2 mg. in 50 cc., i.e. 0*204 mg. per cc. 

^ In a recent private oommunication to Dr Dale, Prof. Abel states that his colleagues are 
now obtaining values ol 3 to S j times the activity of the International Standard (i.e. 24-28 units) 
for different samples of the crystals aissayed in comparison with that Standard, 
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D. A mixture of two small lots of crystals kindly furnished by Prof. Abel, 
and prepared by his methods in his own laboratory. 

Test solution T) contained 8-2 mg. in 50 cc., i.e, 0*164 mg. per cc. 

It was decided that each should be assayed independently by the four 
authors of this part, each of whom has long familiarity with the standardisa¬ 
tion of insulin for practical use. Two different types of method were used* 
Scott and Trevan used the essentially statistical method, based on the relative 
frequencies of the appearance of hypoglycaemic convulsions in a large number 
of mice injected with a dose of the prej>aration under test, and in an equal 
nund)er of similar mice injected at the same time with a control dose of the 
standard ])reparation, and observed under identical conditions. The method 
was independently elaborat(*d, and with some difftn'ences of detail, by Trevan 
and Boock [1926], and by Krogh [1926]. Both Marks and Culhane used the 
method based by Marks [1925, 1926] on ]>arallel observations of the degree 
of liy[)oglycaemia produced, by a dose of the preparation under t(‘st and by 
a dose o! the standard prc])aration, in the same series of rabbits on different 
occasions; changes in the sensitivcne.ss of the whole series being eliminated by 
i?ij(‘cting half the numlau* with each 2 )r(‘j)arati()n on each occasion, and re¬ 
versing the grou])s on the two days of tlie t(‘st. Variations in the details of the 
apj)Iication of these tests are mentioned below. 

8o that no qiKvstioji should arise of differtaices in th(‘ weighing out or 
solutioji of the‘ preparations, a sufficient (paintity of solution for the tests of 
all four ijivu'sligations was ])repared l.)y i)r Harington from each of the batches 
of crystals. Physiological saline, acidulated with H('l to /q^ 2*5, was us(‘d for 
tlu‘ solution of tlie crystals, and the solutions wwv not made u]) to identical 
strengths of the crystalline material. In each case a (piantity in the neigh¬ 
bourhood of .10 mg., but varying in the four cases from 8*2 to 11*8 mg., was 
dissolved and made up to 50 cc. 

A conmion stock solution of th(‘ Interjiational Standard Insulin was 
similarly prepared by Marks, wlio wiighed out and dissolved the dry powder 
in distilled water, making a solution of acidity about pjj 3*5 which contained 
2*5 mg. of the standard preparation, and therefore had an activity of 20 units 
per cc. For each test each of us n'ceived a sufficient quantity of the standard 
solution, containing 20 units yier cc., and of the solution of one of the crystalline 
preparations, of which the concentration as well as tlie activity was unknown 
to him. It was understood, however, that, in order to save time and animals, 
the solutions of A, B, and D would not differ widely in concentration. 

Each of us completed the determinations on any one of the preparations, 
A, B, C and 1), without consultation with the others. In each case we handed 
our estimates independently to Dr Harington or Dr Dale, and they were not 
divulged or submitted to us for comparison until all four had been deposite(.l. 
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Estimates by D. A. Scott. 

The experiments were carried out at the National Institute for Medical 
Research, with the equipment there available. The mouse method, as advo¬ 
cated by Krogh and by Trevan and Boock, was used. The details followed 
were mostly those given by Trevan and Boock [1926]. The thermostat bath, 
in use at the National Institute to maintain the temperature in the mouse- 
boxes during the experiment, follows the general lines of Trevan’s description, 
but has a motor-driven stirrer, an electrically-controlled thermostat, and a 
convenient weighting of the boxes. 

The method has been for some time in use in the Connaught Laboratories, 
University of Toronto, vdth the following departures in detail from Trevan 
and Boock’s description. 

1. Mice showing convulsions in the course of a test are restored by in¬ 
jection of glucose, and after a week the whole stock are found to be as suitable 
for a further test as a fresh stock of mice. 

Krogh’s experience and practice are here confirmed and followed. 

2. The volume of solution injected into each mouse is 0*25 cc. According 
to our experience a larger injection volume entails danger of leakage. Since 
the mice used in any experiment are all of about the same wcaght, not varying 
more than 1 g. in either direction from the mean, the mean weight can be 
accepted for all, and the required dose per g. of standard or test solution 
made up so as to occupy 0-25 cc. per mouse. 

3. Observation was completed in hours, in place of the 2 hours indi¬ 
cated by Trevan. Since about 90 % of the mice which show convulsions do 
so within the first hour, the time of observation could probably be made 
even shorter. 

The mice used in these tests were all of weights between 19 and 21 g. 
All but a few were bred at the National Institute, and were from 2| to 
3 months old at the time of their first use for these tests. The diet of all 
consisted of white English oats and stale brown bread, the latter being 
moistened with water. The mice to be used in an experiment were transferred 
to an empty cage and deprived of food at 6 p.m. on the previous afternoon. 
The injections were begun at 10,30 a.m. Injections were subcutaneous, and 
were made with a convenient precision-syringe of 0*25 cc. capacity. Bach 
mouse, after injection, was immediately transferred to its appropriate box 
in the thermostat bath, which was kept throughout the experiment at 
The mice were kept as quiet as possible, and the number showing actual 
convulsions, or equivalent symptoms of collapse, was recorded. Trevan’s .test, 
depending on the inability of a mouse to right itself immediately, when placed 
on its back, was found useful in the recognition of symptoms ‘"equivalent” 
to convulsions. Such mice, when the reaction was established, were removed 
and given a hypodermic injection of 0-2 cc. of 20 % glucose. At the end of 
] | hours the score was regarded as completed, and the mice which had not 
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shown definite “convulsions” or “symptoms” were removed, and food was 
given to the whole stock. 

The determination of the unknown dose of the solution under test, from 
the relation between the proportions of convulsions produced by it and by 
the known dose of the standard, was made from the curve published by 
Trevan and Boock. After a preliminary orientating test, giving the ap])roxi- 
mate unit value of the unknown solution, an attempt was made in subsequent 
tests to give this and the standard in approximately equivalent dosage, and 
in each case to produce a convulsion-rate in the neighbourhood of 50 %. 
From the actual rates observed the true dose can then be read off the curve 
with a relatively small error. 

The protocols are given at the end of the next section. From these it is 
seen that the figures obtained range from 24*2 units per mg. for D to 25*35 
units lor C. 

Estimates by J. W. Trevan. 

The tests were carried out by the mouse method as originally described by 
Trevan and Boock [1926J, with the modification that the weights of the mice 
used were matched for the two solutions under test. Mice of 15-18 g. were 
used for one set of tests, mice from 18 to 25 g. (a very few being over 25) 
in another. None was used below 15 g. We have taken this precaution for 
some time. 

The protocols are given at the end of this section. The figures in the last 
column of each table are calculated from the standard curve given in the 
original description of the method. The values for tests 1 and 2 on A are 
calculated from convulsion rates which are too low for much reliance to be 
placed on the calculated potency, although the results do agree with the later 
ones. However, the deduction can be made that the characteristic for insulin A 
is not significantly different from that of the International Standard given 
in the paper mentioned above. 

One test (No. 5) on A was made, in which only low dilutions WT?re used, 
and minute doses both of the standard and of A were injected by means of 
micrometer syringes. This was done to check whether in high dilutions the 
purer insulin was destroyed by surface action or shaking. No significant 
difference was found. 

From the protocols, it is seen that the average figures vary between 22*8 
units per mg. for C and 25*8 units for B. 

Discussion of moufie test results. 

The results of the mouse test by both workers are collected and compared 
in Table I. The degree of imcertainty of the final results is represented by 
the columns headed “range of possible values.” These figures are calculated 
from the shape of the mouse insulin characteristic already published, and 
from the number of mice used, by the use of the formula given by Trevan 


26—2 
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Table I. Combined results and limits of error of mouse tests. 

Scott Trevan 



Mean value 

Calculated 

Mean value 

Calculated 



(Units 

possible 

(Units 

possible 

Combined 


per ing.) 

range 

per mg.) 

range 

result 

A 

24-9 

2l-7i>-28-60 

24-2 

23-4-26-4 

24-4 

n 

250 

21-85-28-70 

25*8 

23-6-28-2 

25-6 

c 

25-35 

2M5-29-0 

22-8 

20-9-25-0 

23-6 

1) 

24-2 

21-65-27-5 

24-4 

21-8-27-3 

24-3 


Mean 24-8 Mean 24-3 Mean 24-5 

(23-0-25-4) 


[1929], assuming that the average convulsion rate is 50%. This gives the 
error corres])onding to approximately twice the standard deviation of the 
coiividsion rate, and represents the range inside which the true value may be 
expected to fall with a probability of ap])roximateIy 0-95. The discrepancy 
from the total average value of any single set of tests is not greater than 
might be expected to occur by errors of random satn[)ling of mice. The 
most discrepant result is that of Trevan for C. The differcuice of this from 
the corresponding result by Scott on the same solution is, however, only 
1’2() times its standard deviation. It is interesting that the individual values 
obtained for by Trevan were much more concordant, than those ol)tained 


Protocols of mouse tests carri(d out by D. A. f^cott. 
International standard 20 units per cc. Solutifui of crystalline insulin 


Test 


Amount 
injected 
per 20 g. 

Con¬ 

vulsion 


Aiuouiit 
inj(‘ct(‘d 
per 20 g. 

('ou- 

vulvsiou 

Units 

No. 

Dilution 

mouse 

rate 

Dilution 
Sample A, 

IIIOUHO 

rate 

p(‘r cc 

1 

1/300 

0-25 cc. 

11/24 

1/75 

0-25 cc. 

13/24 

5-42 

‘4 


,, 

19/24 

1/90 

99 

15/24 

5-05 

3 

,, 

,, 

18/24 

1/75 

99 

16/24 

4-56 

4 

” 


13/24 

1/75 

Sample B. 

99 

15/24 

Mean 

5-42 

5-09 

1 

1/300 

0-25 cc. 

15/24 

1/75 

0-25 cc. 

20/24 

6-30 

‘> 

,, 

,, 

17/24 

,, 

>9 

18/24 

5-18 

3 

,, 

>> 

18/24 

,, 

99 

21/24 

5-88 

4 


99 

15/24 

Sample C, 


20/24 

Mean 

6-30 

5-9 

1 

1/400 

0-25 cc. 

20/24: 

1/100 

0-25 cc. 

19/24 

4-72 

2 


>> 

16/24 


„ 

18/24: 

5-45 

3 



17/24 

„ 

99 

20/24 

5-70 

4 

»> 

it 

\0j24: 

99 

Sample D. 

99 

15/24 

Mean 

4-80 

~5-iT 

1 

1/400 

0-25 cc. 


1/80 

0-25 cc. 

11/24 

4-0 

Q 



13/24 

it 

99 

10/22 

3-53 

3 



12/24 


99 * 

15/24 

4-49 

4 

1/350 


13/24 

it 

99 

17/26 

4-87 

5 


15/24 

3/70 


12/24 

3*65 

6 


99 

12/24 

99 

99 

11/24 

3-84 

7 

** 

99 

13/24 

99 

99 

11/24 

Mean 

3-69 

3-97 
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for the other solutions, and this furnishes a ^ood example of the uncertainty 
of relying on mere concordance of a limited number of observations as a 
guarantee of the accuracy of a result. The average result of the potency of 
all samples by the mouse test is 24-5 with a range of 23-G to 25-4, the latter 
being worked out from the total number of mice used, namely, 2652. 


Profocols of viouse tests carried out by J. W. Trevan. 


International standard 20 units per oc. Solution of crystalline insulin 



' 

Amount 


r 

_ . 

Amount 


—^ 



injected 

(Con¬ 


injected 

Con¬ 


Test 


per 20 g. 

vulsion 


per 20 g. 

vulsion 

Units 

No. 

1 )ilution 

mouse 

rate 

Dilution 

mouse 

rate 

per cc. 





Sample A. 





/I/IOOO 

o 

o 

o 

2.5/.30 

1/1000 

0-5 cc. 

1/.30| 


1 

J ” 


19/30 

,, 

,, 

0/30' 

5-38 




21/29 



0/29 1 



I „ 


19/30 

,, 

,, 

1/30* 



( " 


21/30 

1/500 


2/.30) 


2 



17/30 

,, 

,, 

0/.30/ 

4-37 


( !! 


21/30 

,, 


4/30' 


3 



19/30 

,, 


15/30 

6-61 

4 


y 

18/30 

1/400 


12/30 

5-02 

f) 



13/30 



7/30 

4-69 

0 



25/30 



15/30 

4-26 

7 

1/1(1 

0-008 cc. 

21/30 


0-008 cc. 

24/30 

5-75 

8 

1/100 

0-5 CC- 

24/.30 

1/250 

0-5 cc. 

16/30 

3-82 

9 



18/30 


J, 

10/30 

4-68 

10 



15/30 



10/30 

417 

11 

>> 


lG/30 



18/30 

5-33 






Mean omitting tests 1 and 2 

4-92 






Mean including 

tests 1 and 2 

4-92 





Sample B. 




1 

1/1000 

0-5 cc. 

20/30 

1/250 

0-5 cc. 

18/30 

467 

2 



17/30 


,, 

21/30 

5-70 

3 



19/30 



24/30 

6-00 

4 


»♦ 

23/30 

,, 

,, 

25/30 

5-40 

5 

J, 


12/30 

,, 

,, 

25'30 

7-85 

(> 



14/30 


,, 

17/30 

5-51 

7 

J, 


12/.30 


•? 

23/30 

7-22 

8 



21/30 

,, 

,, 

26/30 

615 







Mean 

6-08 





Sample C, 




1 

1/10(K) 

0-5 cc. 

21/30 

1/250 

0-5 cc. 

15/30 

411 

2 



17/30 


„ 

17/30 

5-00 

3 



22/30 



18/30 

4-46 

4 



22/30 



20/30 

4-65 

5 


9f 

20/30 

,, 

,, 

19/30 

4-83 

6 


f9 

18/30 



17/30 

4-83 

7 


f9 

24/30 

»> 


22/30 

4(31 







Mean 

4(>4 





Sa mple D. 




1 

1/1000 

0-5 cc. 

13/30 

1/250 

0-5 cc. 

6/30 

3-69 

2 

,, 

,, 

10/27 


>> 

8/27 

461 

3 



16/30 


,, 

8/30 

3-74 

4 

,, 


10/30 

1/200 


11/30 

412 

5 



22/30 



16/30 

3-69 


Mean 3-97 
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Estimates by H. P. Marks. 

For estimating the potency of the various samples of crystalline insulin, 
the rabbit cross-over method was used, on the lines laid down in the original 
communications on this test [Marks, 1925, 1926], but with the following 
modifications, suggested by later experience. 

(1) Weight of rabbits and dosage of insulin, Culhane [1928] states that the 
test gives more consistent results when the two groups of rabbits are so 
chosen that, for each animal in one group, there is a corresponding animal of 
approximately the same weight in the other group. This procedure was 
therefore adopted, and it has the added advantage that the same dose of 
insulin may be given to all the rabbits regardless of body-weight, without 
disturbing the balance of the two groups. 

With one or two exceptions, rabbits weighing between 2 and 3 kg. were 
used, and the dose of standard insulin throughout was 1 unit per rabbit, 
injected subcutaneously. 

The standard solution was diluted ten times for use, so that the volume 
injected was in every case 0*5 cc. Either 10 or 12 rabbits were used for a test. 

The danger of choosing a dose falling on the upper, flat portion of the 
dosage-response curve has already been pointed out [Marks, 1926]. In order 
to avoid obtaining a false match between sample and standard, the dose of 
sample to be compared with 1 unit of the standard was accordingly varied 
from one test to another, and, in all cases, this was reflected as a change in 
relative response. 

(2) Treatment of blood samples. The simplified method of dealing with 
the samples of blood already suggested in the communications cited above 
was adopted. It consists in combining the five hourly blood sam})Ies taken 
from the same rabbit after insulin. The blood-sugar \alue determined on this 
composite sample, when subtracted from the initial value, then gives the 
average fall in blood-sugar during the five hours. 

According to Sahyun and Blatherwick [1928], if a rabbit is given a certain 
dose of insulin after a fasting period of 24 hours, and the fasting continued 
and the same dose of insulin given again after a further 24 hours, the hypo- 
glycaemic response to each dose is approximately the same. This observation 
seemed to offer such an attractive possibility of shortening the time required 
for the cross-test that the matter was immediately investigated, and it was 
found that to the same dose of insulin, repeated on the second day, the 
response was slightly greater than on the first day. Although there were 
occasional exceptions on the part of individual rabbits the results were 
certainly no less consistent than if the rabbits had been fbd after the first test, 
and prepared again for a second test two or three days later. 

In ail tests except the first test on A, and the final test on D, the following 
procedure was therefore adopted. 
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Food was withdrawn from the rabbits in the afternoon, and on the fol¬ 
lowing day the first part of the cross-test was performed as usual. Instead 
of feeding the rabbits after the test, fasting was continued and the second 
part of the test was carried through on the next day, after which the rabbits 
were fed. Rabbits used in this way regularly once a week {i.e. one complete 
test per week) suffered no ill effects, and increased in weight at the usual rate. 

The results of the tests are collected in Table 11. 

Table 11. 



Dose of solution 

Estimated units Units per mg. 

Sample 

in cc. per rabbit 

in this dose 

of crystals 

A 

0-167 

0-88 

26-0 


0-2 

1-00 

24-4 

Average 25*2 

B 

0-2 

1-07 

22-6 


0187 

0-92 

20-8 

Average 21-7 

C 

0-2 

0-90 

22-0 


0-22 

0-96 

21-4 

Average 21-7 

D 

0-2 

0-89 

27-4 


0-225 

0-‘)9 

20-9 


0-25 

1-01 

24-6 

Average 20-3 


The estimated activity of the dose was in all cases calculated by reference 
to the dosage-response curve already publislied. 

Estimates by K. Culhane^. 

The determination of the potency of the four solutions was carried out 
by the cross-over method of Marks [1926] with no modifications except that 
certain precautions were taken with regard to the vselection of suitable animals 
and the distribution of their weights [Culhane, 1928]. 

(1) Choice of rabbits and dosage of insulin^ 

The rabbits were selected from young animals which had been used pre¬ 
viously for testing a few of our jmrest samples and found to give consistent 
results. These were divided into groups of approximately equal weights, the 
weights of all falling between 1600 and 24.00 g. The standard was diluted so 
as to contain 2 units per cc. and the samples were also diluted to a volume 
expected to contain the same amount per cc., all doses, both of the sample 
and of the standard being adjusted to the weight of individual rabbits: the 
dose of the standard was always 0*5 unit per kg. of body weight. 

In almost all of the tests 20 rabbits were used, but on rare occasions one 
or two were excluded from the result. This was only done when the rabbit 

1 It is a pleasure to acknowledge ray indebtedness to Br S. W. F. Underhill, Director of the 
Insulin A.B. Physiological Laboratories, for his valuable help and criticism during this investi¬ 
gation. 
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showed signs of illness during the course of the test or went into convulsions 
on one of the doses or gave a percentage reduction greater than 50 %, since 
such an animal is considered too sensitive for quantitative work. 

(2) Preliminary starvation period. 

AJl animals were starved for 22 hours preceding the test and fed imme¬ 
diately after the fifth hour after the injection. The second half of the test 
was carried out three or four days later after the same period of starvation. 

(3) Treatment of blood samj)les. 

To enable us to use so large a number of animals in one tost the five hourly 
blood samples for each rabbit after injection were mixed and a practical 
average thus determined. 

(4) Calculation of results. 

s 

Experience has shown that results which differ greatly from 100 % are 
often inaccurate, and, whilst there ap])ears to be a general tendency for the 
error to cause them to approach nearer to 100%, we liave found it more 
useful to disregard such tests, except as an indication of a more suitable dose 
for the next, than to include tlieir results in an average after applying the 
correction suggested by Marks [1925]. Hence, the result of the final test gives 
our conclusion for the potency of any solution. In one cas(‘ only have we 
departed from this j)rocedure, namely that of the last sam})le, of which only 
a small quantity was available: as all the n^sults come within 86 and 89 % 
there seemed no reason for regarding one test as more accurate tlian anotlier 
and the three have therefore been averaged, allowance being made for the 
number of rabbits used in each. 

(5) JResults of the tests. 

The tests are summarised in Table III. 

Table III. 

Kesult as 



Dose of solution 

peteentage of 

Units 

Units per mg. 

Sample 

in cc. per kg. 

.standard 

per cc. 

of crystals 

A 

(1) 0083 

79 

4 7) 



(2) 0-100 

87 

4-ll 

20-1 


(3) 0125 

102 

4-lj 


B 

(1) 0-125 

107 

4-3 

18-2 

C 

(1) 0119 

104 

4-4 

21-0 

jD 

(1) 0119 

89 

‘tl\% 



(2) 0135 

80 

20-7 


(3) 0135 

89 

3-3j ‘ 



StTMMAKY OF BABBIT TEST RESULTS. 

Since not more than three rabbit tests were performed by either worker 
on any one sample, it is impossible to form any opinion'as to the comparative 
degree of accuracy of the two sets of figures. It is readily apparent, however, 
that Culhane’s figures show less variation in activity between the different 
samples than do those of Marks. If ail the tests carried out by each worker 
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respectively are considered on the assumption tliat all tlie samples have the 
same real activity, we find that the average of all Culhane’s results (excluding 
test A 1, as being below 80 %) is !20*3 with a standard deviation of 0*5 for 
the mean, while the corresponding figures for Marks’s tests are 24*0 and 0*75 
respectively. Put in another way we may say that the probability is 0*95 
tliat the true mean value lies between 19*5 and 21*3, according to Culhane’s 
figures, or between 22*5 and 25*5 according to Marks’s figures. Taken as a 
whole, all the rabbit tests give an average figure of 22*3 with a standard 
d('viation of 0*7 for the mean, i.e. the probability is 0*95 that the true value 
lies between 20*9 and 23*7. 


Conclusions and discussion on combined results. 

If we review the results obtained by tlie different investigators, as pre¬ 
sented in the preceding sections, it becomes clear at once that there is no 
wide div(‘rgenee between the values obtained by any one of us for the four 
different sam])les. The largest such difference is that between B or C and I) 
obtained by Marks, but as this is not supported by the other investigators, 
no significance can be attached to it. 

comparison of (iilhane’s results with those obtained by 8eott and Trevan 
would suggest that the rabbit test gives a consistently lower value for th(i 
crystals than tlie rnousi^ test, but against this must be set the relatively close 
agreement between Marks’s average of 23*7 for all four samjiles, and the 
average of 24*5 for all the mouse tests. It would indeed not be surprising if 
the rabbit test and mouse test should give somewhat different results when 
comparing insulin prejiarations of different degrees of ])urity, since the physio- 
logi(*al reaction forming the basis of measurement is different in the two 
cases. Even if we assume that the crystals re])resent ])ure insulin, we must 
su])pose, from our own data, that the standard preparation contains ap])roxi- 
inately two-thirds of its weight of other substances, of which some may not 
be physiologically inert. If the resultant eflVct of these should be to inhibit, 
even slightly, the convulsant action on mice, while disturbing less the average 
hypoglycaemic effect piroduced in a rabbit over a period of hours, the result 
would be to show a higher unit value for the crystals in the mouse test than 
in the rabbit test. Again, difierences in tlie rate of absorption of the injected 
insulin, if such occurred, might account for the discrepancies observed. We 
can only say that the%ourse of the hypoglycaemia, which was studied in some 
of the rabbit tests, gives no clear indication of any difference in this respect 
between the crystalline insulin and the International Standard. Realising 
these inevitable uncertainties of the comparative methods of biological 
measurement, we consider that the fairest procedure is to average the results 
for the whole series. In Table IV, therefore, we have averaged the results of 
each investigator for all four samples, and of all four investigators for each 
sample. 
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Table IV. 



A 

B 

C 

D 

Average 

Marks 

25-2 

2] *7 

21-7 

2(v3 

23-7 

Scott 

24<) 

250 

25-3 

242 

24-8 

Trcvan 

24-2 

25-8 

22-8 

24-4 

24*3 

Culhane 

20-1 

18-2 

21-6 

20-7 

20-2 

Average 

2:^*6 

22-7 

22-9 

23-9 



Looking at the results as a whole, we think that the two questions which 
we propounded at the outset may fairly be answered as follows. 

1. Different batches of the crystals, prepared by different methods, have 
no differences of activity which the available methods of assay can detect. 

2. The activity .shown by all the four sami^les as.sayed in comparison with 
the International Standard, and ba.sed on the average of the values obtained 
by the four inve.stigators for each sample, may be assessed at 2.1-3, with a 
standard deviation for the mean of rir 0-6. 

This latter result is in close conformity with the values of 23 and 26 units 
obtained by Freudenberg and Dirscherl [1928] for the particular sample of 
the crystals which they tested. Wc can state with some confidence that a 
sample of .such cry.stals as we have tested, if adopted in the futmc as a stable 
standard of reference, might be assumed to ])os.sess three times the activity 
of the present standard, i.e. 24 units per mg., without any significant disturb¬ 
ance of the biological unit, as defined in terms i>f the current International 
Standard. 

The uniform activity of the, four batches of crystals seems to u.s to indicate 
that their substancie has a closer relation to the specific insulin activity than 
that of an inert adsorbent of an inten.sely active contaminant. On the other 
hand, the activity of the crystals is little, if at all, diffc'rent from that of the 
most active amorphous insulin, obtainable by pushing to the limit the frac¬ 
tionations used in ordinary manufacture. We are familiar with pre])arations, 
commercially available in the ordinary way, in which the unit value per mg. 
is always in the neighbourhood of 20 and .sometimes as high as 22 units 
per mg. The production of the crystals from such material would accordingly 
not entail the separation of a highly active primdple from a crude mixture, 
but rather the creation of conditions allowing the crystallisation of a sub¬ 
stance already almost pure. It would be analogous rather to the crystallisa¬ 
tion of serum-albumin, for example, than to the isolation of such a hormone 
as adrenaline. 

In conclusion we wish to express our indebtedness to Dr H. H. Dale, F.R.S., 
for lus continued interest in this work, and for placing the facilities of his 
laboratory at the disposal of one of us (D.zV.S.) for the animal experiments. 
We wish especially to thank him for his cooperation in arranging the physio¬ 
logical assay, wliich could not have been so extensive without his help. 
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Three compounds containing three carbon atoms have frecjiumtly been con¬ 
sidered as j)ossible intermediaries in carbohydrate metabolism : glyceraldehyde, 
dihydroxyacetone, and methylglyoxal. If the formula of hydroxymethyl- 
glyoxal, CH 2 OH.CO.CHO, is compared with those of these tlnee compounds 
it is seen that it bears a close ndatiomship to all of them, and may, 
in fact, be regarded as an oxidation product of any of them. It was therefore 
considered of some interest to ascertain tin* action of this compound on the 
animal organism. This appeared the more d(*sirable since evidence has been 
advanced by Hynd [1927] and Herring and Hynd [1928] which, it is claimed, 
supports the view that glucosone, CH 20 H.(CH.()H);j.CO.CHO, is amongst 
the products formed in the animal body by the oxidation of d(*xtrose under 
the action of insulin. In particular, they have found that the administration 
of glucosone to various animals causes the a])pearance of symjAoms similar 
to those associated with insulin hypoglycaemia in the same sj)ecies. The 
suggestion is that glucosone is the compound directly resj)onsible for the 
apj)earance of these symptoms. Hydroxy methylglyoxal may be regarded as 
the sim])lest compound analogous to glucosone, bearing in fact tl^e same re¬ 
lation to the triose glyceraldehyde that glucosone bears to dextrose. It was 
therefore of interest to determine whether hydroxy methylglyoxal causes the 
appearance of toxic symptoms similar to those juoduced by glucosone. 

It may be noted that White and Willaman [1928] have found that hydroxy- 
methylgiyoxal is readily fermented by Fusarium Uni, the only other com¬ 
pounds showing an equal ease of degradation by this mould being dihydroxy- 
acetone and the fermentable hexoses. 
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Experimental. 

The hydroxynietliylglyoxal U8ed in the following experiments was pre- 
j)ared by the method of Evans and Waring [192G], with one slight modifica¬ 
tion. These authors obtained good yi(‘lds of the compound by oxidising 
dihydroxyacetone with copper acetate, allowing the mixture to stand for 
10 days at ordinary laboratory temperature. We have been unable to obtain 
a crystalline product under these conditions, Init found that the syrup pro¬ 
duced rapidly crystallised if the oxidation had been allowed to continue for 
30 days at room temperature or for 25 days at 25'’. This difference is probably 
due to the fact that the laboratory tem])erature was considerably below that 
which prevails in American laboratories. With this modification we found 
tliat the reaction proceeds and the product crystallises just as described by 
lllvans and Waring. It may be mentioned here that tln^se authors found that 
when solid hydroxymetlpylglyoxal is dissolved in cold water it exists in a 
dinnahc form, but when lieated for 5 minutes at 100"^ it changes into the 
monomeric statie 

Effect of }i(j(lrox(jOieih[{\(ffjoxat o)i itonnal mice. 

Experiments were first of all carried out to asc(*rtain the effect of hydroxy- 
metliylglyoxaI on normal mic(\ first with, a fn^slily })r(‘pared solution of 
liydi‘oxymeth}dgly()xal which had not been heat(‘d. The results are summarised 
in tiie following table. 

Table I. Effect (f injections of unheated Jnfdm.ri/mctlnffjh/o.ral solution o}i mice. 


No. of 

('olonr of 

\'ol. of 
sol III ion 
injected 

Oonen. of 
h\ droxy* 
tn(*th\ 1- 
Ldyoxal 

\Vt. ot 
hydrox\ - 
mcthyl- 


oxp. 

mouse 

ee. 

Vo 

.c. 

Uemaiks 

1 

Albino • 

01 

lb 

OU(i 

Spra^vliiiy in 1 minute tlien lyinij; on 

2 

Ai l.)ino 

0-2 

lb 

(>•03 

Side eoniatose. Breatliiny shallow, 
then yoaspinrr. Beath in 3^ minutes 
Arrest of respirations, convulsions 


Albino 

0-4 

7-b 

0*03 

and deatli in 2 minutes 

Convulsions and ihaith in 3 minutes 

4 

Black and white 

O'3 

7'b 

0'022b 

Convulsions, coma and death in 

o 

Black and white 

U-2 

7-5 

001b 

3 minutes 

Drowsiness, tail erected, paddlinjs; 

() 

Black 

0-2 

7-5 

001 b 

movementwS, coma, followed by 
recovery 

Erection of tail, convulsions, run¬ 

7 

Black and wlute 

0-2 

7-5 

0015 

ning; movements, coma and death 
ill 3 minutes 

Drowsiness, sprawling, paddling 

8 

Albino 

0-2 

7-r> 

001b 

movements, Keeovery in 2 hours 
(Vmvulsions, coma and death in 

9 

Black 

0-2 

7-5 

0*015 

4 minutes 

Ck^nvulsions, eoma and death in 

10 

Black 

0-2 

7*5 

0015 

4 minutes 

Drowsiness and sprawling, no con* 

11 

Black 

0*2 

7*5 

0*015 

Tidsions. Recovery 

Drowsiness and sprawling, no con¬ 

12 

Black and white 

0-4 

0*75 

0*003 

vulsions. Keeovery 

No symptoms 
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It will be seen that the letlial dose for a mouse is approximately 0’015 g. 
In those experiments in which death did not occur rapidly the animals ex¬ 
hibited a train of symptoms resembling those resulting from insulin hypo- 
glycaeniia. Thus in mouse No. 5, after a preliminary ])(uiod during which the 
respirations were accelerated, the animal became drowsy for a time, then 
later the respirations became shallow and irregular, the tail was erected and 
the animal showed running movements. It then became comatose and lay 
on its side, respiration being barely perceptible, and in fact it was to all 
appearances moribund. After 20 minut/cs however, it showed signs of re¬ 
covery, the resjhrations increased and the animal sat u}) unsteadily, the legs 
sprawling and the tail showing the peculiar stiffening (‘ommonly noted in the 
mouse during insulin hypoglycaemia. It remained in a languid condition for 
3 to 4 hours and ultimately recovered completely. 

The second series of experiments was carried out with a solution of 
liydroxymethylglyoxal which had previously been heated to 100'' for 10 
minutes. The results are summarised in Table IL 


Table IL Effect on mice of injections of liyihoaijnielhjhjJtjoxal solution, 
heated to 100^ for 10 minutes. 





Coiicn. of 

Wt. of 




Vol. of 

hydro xy- 

bydroxy- 




solution 

inethyi- 

metliyb 


No. of 

Colour of 

injected 

glyoxal 

glyoxai 


exp. 

mouse 

CO. 

/o 

‘g- 

Remarks 

1 

Brown 

02 

7-5 

0015 

No symptoms 

2 

Albino 

0*4 

7-5 

0-03 

No symptoms 

3 

Black 

0-2 

15 

0-03 

Tcm])()rary excitement. No other 






symptoms 

4 

Albino 

0*2 

15 

003 

Transient muscular weakness; 






eprawling. No other 8ym])toms 

5 

Albino 

0-2 

15 

003 

Became inactive for a short time. 






No other symptoms 

6 

Albino 

0-4 

15 

0*06 

After 8 minutes weakness of ex- 


tremitioB. Moved about with diffi¬ 
culty. No convulsions. No coma. 
Breathing gradually became shal¬ 
lower. Death in 3 hours 


It will be seen that the lethal dose of monomeric hydroxymethylglyoxal 
is 0*06 g., which is about four times the lethal dose of the unheated material. 
It appears, therefore, that the depolymerisation considerably reduces the 
toxicity of hydroxymethylglyoxal. Further, the depolymerised substance 
when administeied in sublethal doses does not appear to cause the appearance 
of symptoms similar to those of insulin hypoglycaemia. 

In the preparation of hydroxymethylglyoxal, it appears very difficult to 
eliminate the last traces of hydrogen sulphide and colloidal sulphur. The 
sulphur partially separates wffien the solution is heated to 100''. It seems, 
however, that hydrogen sulphide plays no part in the production of the 
toxic symptoms, since no symptoms were produced in control experiments 



CARBOHYDRATE METABOLISM 


413 


in which much larger quantities of hydrogen sulphide were employed than 
were contained in the unheated solution of liydroxymethylglyoxal. Further, 
tli(i very small precipitate formed by heating the solution had no toxic effects. 

Effect of hydroxymethylglyoxal on hypoglycacjmc m ice.. 

Ten mice were brought into a ]iy})oglycaemic condition as the result of 
the administration of 0-2 cc. of standard insulin solution (20 units per cc.), 
diluted 1 in 25. To five of these mice subhdhal doses of an unheated solution 
of hydroxymethylglyoxal were administered, and to the other five sublethal 
doses of a solution of hydroxymethylglyoxal ])reviously heat(^d to 100'^ for 
15 minut(‘s. In no case did recovery take ]>lace, but the animals recovered 
promptly after the administration of glucose. Hydroxymethylglyoxal is 
evidently without effect on insulin hypoglycaemia. It may be added that 
dextrose is without effect on the toxic symjffoms produced by hydroxymethyl- 
glyoxal. 

Effect of hydroxymethylglyoxal on rabbits. 

The above results have all been confirmed by experiments on rabbits. 
These animals do not recover from hypoglycaemia as the result of the ad¬ 
ministration of hydroxymethylglyoxal, but rather are made worse, and death 
frequently follows in 10 or 15 minutes wLen the unheated material is used. 
This fatal result was observed even with doses wdiich, when administered 
subcutaneously to normal animals, caused no obvious symptoms. In this 
respect the result is analogous to that previously observed with methyl- 
glyoxal [Kermack, Larnbie and Slater, 1927]. As much as 9 cc. of a 25 % 
solution of hydroxymethylglyoxal, administered subcutaneously, produced no 
effect even when the solution had not been heated. When unheated hydroxy¬ 
methylglyoxal w^as administered intravenously, 0*25 g. W'as sufficient to cause 
asphyxial convulsions and cessation of respiration following a momentary 
stimulation of the breathing. After generalised convulsions the animal lay 
on its side, showing running movements and intermittent gasping respirations. 
Artificial respiration was performed and the animal gradually recovered. On 
the other hand intravenous administration of 1*25 g. of a solution of hydroxy¬ 
methylglyoxal, which had previously been heated to 100'' for 10 minutes, 
produced no toxic symptoms. In relation to the results of Hynd, which have 
been mentioned above, an experiment may be reported here in which enormous 
doses of insulin (up to 200 units), were administered to rabbits and at the same 
time very large quantities of dextrose, to prevent reduction in blood-sugar. 
As expected, no hypoglycaemic symptoms occurred. If insulin produced 
hypoglycaemic convulsions as the result of the conversion of dextrose into 
glucosone it appears probable that such symptoms would have been observed 
in these experiments. 
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Discussion. 

The above experiments demonstrate the highly toxic nature of hydroxy- 
methylglyoxal in its dimeric form. Herring and Hynd [1928J state that 
2*4 mg. of glucosone per g, body weight is sublethal for a mouse. In the case 
of dimeric hydroxymethylglyoxal subcutaneous administration of 0-75 mg. 
per g. body weight is sufficient to cause death. The symptoms produced by 
dimeric hydroxymethylglyoxal are similar to those described by Hynd and 
Herring as being produced by glucosone. On the otlu^r hand, 3 mg. of the 
monomeric form of hydroxymethylglyoxal per g. body weiglit were necessary 
to cause death in the mouse and the animal did not exhibit the characteristic 
train of symptoms al)ove noted. It is surprising to fiiid that tlie monomeric 
form, which gives the Schiff’s reaction more readily than the dimeric form, 
and of which the aldehyde groups are therefore in a more active condition, 
is the less toxic. As })ointed out by Olmsted and Logan [1923J, the symptoms 
of insulin hypoglycaemia resemble those prodmnd by aspliyxia in the rabbit 
and cat. It w^ould appear that many substances which interfere with the 
normal oxidative processes in cells {e.g. such as cyanide poisoning, cf. 
Hess [192IJ, carbon monoxide poisoning, etc.), tend in tlie lower animals to 
produce a train of symptoms which have many features in common, especially 
witliin the same species. Among these symptoms are muscular weakness (as 
shown by sjnawling of the limbs or drooping ot the head), head rtdraction, 
weakness, drowsiness, convulsive seizures with ])addling and running move¬ 
ments, and ultimately coma. In the absence of other evidence, it would appear 
particularly hazardous to conclude that glucosone plays a part in the ])roduc- 
tion of the symptoms of insulin hypoglycanunia l)ecause of the resembhmee 
of these symptoms to those produced by insulin. The above (‘xperiinents show 
that almost identical effects are produced even more readily by hydroxy¬ 
methylglyoxal. It is also difficult to explain the non-appearance of such 
symptoms after the administration of enormous doses of insulin, provided 
that sufficient dextrose is given to prevent a fall in blood-sugar below^ the 
normal. Reference may also be made to the fact that in cases of diabetic 
coma large quantities of insulin are often given without harmful effect as 
long as the blood-sugar is not allowed to fall unduly. Even Herring and 
Hynd [1928] find it necessary to suggest that the sensitiveness of the animal 
to glucosone depends on the blood-sugar being abnormally low"; and so in 
the absence of independent evidence as to the existence of glucosone in the 
animal body it does not seem to simplify matters to assume the development 
of a specific poison to explain the symptoms. It must also be remembered 
that the symptoms of glucosone or hydroxymethylglyoxal poisoning are not 
relieved by the administration of dextrose. 

In its inability to relieve the symptoms of insulin hypoglycaemia, hydroxy¬ 
methylglyoxal resembles the majority of compounds containing three carbon 
atoms of which, so far, only one, namely dihydroxyacetone, has been found 
to possess the power of bringing about rapid recovery. 
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Summary. 

1. Hydroxymethylglyoxal in its dimeric form is highly toxic to mice and 
rabbits and in sublethal doses produces symptoms similar to those of insulin 
hypoglycaemia. 

2. In its monomeric form the toxicity is reduced by 75 % and the same 
train of symptoms is not produced. 

3. Hydroxymethylglyoxal, either in the dimeric or monomeric form, is 
unable to cause recovery from insulin hypoglycaemia. 

The authors desire to express their thanks to the Trustees of the Carnegie 
Trust for the Universities of Scotland for a Research Fellowship (awarded to 
R.H.S,), and to .the Medical Research Council for a personal grant (C. G. L.). 
Part of the expenses of this research was defrayed by a grant from the 
Moray Fund. 
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Introduction. 

It has been shown by Burn and Dale [1924] and by Lambie [1926] that 
administration of insulin to decerebrated and eviscerated cats results in a 
more rapid disappearance of dextrose from the blood stream than when no 
insulin is given. It has further been shown by Best, Hoet and Marks [1926] 
and by Best, Dale, Hoet and Marks [1926] that a large proportion of the 
sugar which thus disappears is laid down as glycogen in the muscles. 

Much discussion has centred around the question as to whether the essential 
action of insulin is to convert dextrose into some intermefbary substance such 
as dihydroxyacetone. It therefore seemed desirable to carry out experiments 
with a view to ascertaining whether dihydroxyacetone causes the deposition 
of glycogen more readily than does dextrose. Mostowski [1911] showed that 
the administration of dihydroxyacetone to chickens results in the deposition 
of glycogeii in the liver, whilst in more recent years Isaac and Adler [1924] 
have claimed that dihydroxyacetone, when injected intraperitoneally into mice 
and rats, effects more rapid deposition of glycogen in the liver than does 
dextrose. Cori and Cori [1928] have studied the distribution of glycogen in 
the livers and muscles of rats fed on these sugars, and found that at the end 
of 4 hours the rats fed on dextrose deposited 18 % of the sugar absorbed as 
glycogen in the liver and 25 % as muscle-glycogen, whereas in the case of 
dihydroxyacetone 21 % was laid down as liver-glycogen and only 15 % as 
muscle-glycogen. When insulin was administered the distribution of glycogen 
as between liver and muscle was 6 % and 36 % for dextrose and 2 % and 33 % 
for dihydroxyacetone, respectively. In both cases dihydroxyacetone failed 
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to lay down glycogen in the muncles as readily as dextrose but in the case of 
the liver the percentages were approximately the same. As Cori and Cori point 
out, these figures cannot be taken as representing the ease of formation of 
glycogen, since the fraction deposited in the muscles would, other things being 
e(pial, be decreased either by increased oxidation or by increased deposition 
in the liver. No conclusion can therefore be drawn from these experiments 
as to the relative ease with wljich the two sugars form muscle-glycogen. 

Campbell and Markowitz [1927, 1, 2] have brought forward evidence which 
seems to prove that in the hepatectomised animal the administration of 
dihydroxy acetone is unable to cause recovery from the symptoms of hypo- 
glycaemia and that the triose is quite unattacked by the organism under 
these conditions. These results suggest that dihydroxyacetone is converted 
in the liver either into dextrose or into some active form of the triose. It is 
known that dihydroxyacetone can, under certain conditions, be converted 
by the liver into dextrose, but, whilst this would account for certain resem¬ 
blances in the physiological behaviour of the two sugars, the differences which 
they exhibit could not be satisfactorily explained on this hypothesis alone. 
It therefore seemed })ossible that experiments on animals in which the liver 
was intact might afford evidence that an active substance was formed from 
dihydroxyacetone. The following experiments were therefore carried out upon 
decerebrated and depancreatised cats in which the liver remained intact. 

Expertmental. 

Cats were employed in all experiments. After brief etherisation the brain 
was destroyed with a probe through a trephine opening in the skull, and 
artificial respiration was carried out by means of a cannula inserted into the 
trachea. Cannulae were also placed in the left jugular vein and the left 
carotid artery. After withdrawing a sample of blood for analysis (Blood 1 
in table), the abdomen was opened and the pancreas was removed. In one 
experiment only (No. 19 in table) was the animal eviscerated and the liver 
and kidneys tied off, thus excluding them from the general circulation. After 
pancreatectomy or evisceration, as the case may be, a second sample of blood 
(Blood 2 in table) was taken and then transfusion of the sugar under ex¬ 
amination was begun. The sugar (dextrose or dihydroxyacetone) was dis¬ 
solved in saline in the requisite concentration and, by means of the apparatus 
previously described [Lambie, 1926], was run in at a constant rate through 
the cannula in the jugular vein. Immediately after the perfusion had begun 
a ligature was placed round the right femoral artery and the muscles of the 
right lower limb were removed, cut into small pieces with scissors, weighed 
en masse, and then dropped into boiling 60 % potassium hydroxide solution. 
After the transfusion had continued for a given time, a third sample of blood 
(Blood 3 in table) was withdrawn and the left hind limb was removed and 
added to potassium hydroxide solution after cutting and weighing. The 
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glycogen content of the muscles was then determined by means of the 
following method. 

Estimation of glycx)gen in mMsch. 

The weighed muscle (about 100 g.) was dropped into a conical flask containing hot aqueous 
60% potassium hydroxide (100 cc.) as described above and the mixture heated in a boiling 
water-bath for about 6 hours when the solid material had been practically completely decom¬ 
posed and a reddish brown solution remained. On cooling, this solution was poured into a 
standard 250 cc. flask and diluted with water to the mark. After thorough mixing 5 cc. of the 
solution were jiipctted into a 25 cc. centrifuge tube. Absolute alcohol (20 cc.) was then added 
and the mixture allowed to stand for 20 hours when the glycogen was completely precipitated. 
The precipitated glycogen was centrifuged off and washed twice with 66 % alcohol, then with 
absolute alcohol and finally with ether. It was then dissolved in 2 % hydrochloric acid (10cc.) 
and heated on the boiling water-bath for 4 hours. The acid solution was washed into a 25 cc. 
standard flask and diluted to the mark. The gluco.so present in a convenient volume of the solution 
W'as then estimated by the Hagedom-Jensen method [1^125] and the piwcentage of muscle-glycogen 
calculated from this result. 

In certain experiments curare \yas employed in order to paralyse the motor 
nerve endings of the muscle and eliminate any muscular twitching which 
might alter the glycogen content of the muscles. A solution^ in saline, of the 
residue formed by evaporation to dryness of an alcoholic extract of the bark 
of Strychnos toxifera, 1 cc. of which had in control experiments been found 
to paralyse completely the motor nerve endings of the muscles of the lower 
limb of the cat, was injected in the requisite dose immediately after decere¬ 
bration had been performed and artificial respiration begun. 

As it was advisable tp avoid as far as possible stimulation of the pancreas, 
ergotamine tartrate (5 mg.) was injected 2 hours before the beginning of the 
experiment with a view to paralysing the terminations of the splanchnic 
nerves in the liver and thus limiting the initial hyperglycaemia occasioned by 
the destruction of the brain and the ether anaesthesia, until the pancreas 
could be removed. It was found, however, that the ergotamine, by paralysing 
the sympathetic endings in the heart, often caused excessive slowing of that 
organ and the resulting depression of the circulation was frequently so great 
that circulatory failure followed the administration of the anaesthetic. When 
this threatened, adrenaline, 0*2 cc. of 1 in 1000 solution, was injected intra¬ 
venously in order to save the animal. The results are summarised in Table I. 

The total reducing power of the blood, as given in the table, in terms of 
glucose, was determined by the method of Hagedorn and Jensen [1923], 
whilst the method of Campbell [1926] was used for the determination of 
dihydroxyacetone. It was found by the Hagedorn and Jensen method that 
1 g. of dihydroxyacetone is equivalent to 1-48 g. of glucose by this method. 

• Discussion. 

The single experiment in which the liver was excluded from the circula¬ 
tion and the animal perfused with dihydroxyacetone showed a slight fall in 
muscle-glycogen in spite of the fact that the blood at the end of the experiment 
contained 0*1 % of dihydroxyacetone. This seems to indicate, in agreement 
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Table I. 


No. 

of 

Wt. 

of 

cat 

Sugar 

Concu. Kate 
of sugar of per¬ 
il) ])er- fusion 
fusion per 
fluid hour 

Time 
of per¬ 
fusion 

Total 
wt. of 
sugar 
per¬ 
fused 

Blood-sugar 
(total n4ucing poM'er) 
mg. per 100 cc. 

Glycogen in muscle 
mg per 100 g. 
r- 

Differ- 


exp. 


perfused 

0/ 

g- 

mins. 


1 

2 

3 Before 

After 

ence 

Kernarks 

] 

26(K) 

Dextrose 

40'6 

2-02 

90 

3-04 

276 

369 

1560 

234 

298 

+ 641 Pancreas removed. 

2 



40-0 

2-0 

130 

4-30 

222 

276 

318 

253 

201 

- 52 j 

Liver intact 

3 

2300 


34-5 

1-72 

117 

3-44 

— 

— 

— 

470 

170 

--306 

Curare. Pancreas re¬ 
moved. Liver intact 

4 

_ 


30-0 

1-5 

175 

4-50 

84 

106 

588 

359 

238 

-1211 

Ergotamine. Pancreas 

1 rpmnvpH iil- 

5 

— 

n 

30-0 

1-5 

100 

2-50 

282 

438 


307 

455 

4 148 j 

y IClliU » A.V4* Ail 

1 tact 

6 



30-0 

1*5 

135 

3-37 

254 

326 

580 

574 

562 

- 32) 

1 Ergotamine. Adrena- 

7 

— 


60-0 

()-2r) 

KK) 

ll-(>4 

111 

198 

2220 

279 

206 

- 73' 

l line. Pancreas re- 

8 

— 

„ 

30-0 

1-5 

130 

325 


m 

^456 

658 

687 

+ 29 1 

1 moved. Liver intact 

9 

2300 Uihydruxy- 
acetone 

■ 30-0 

1-5 

120 

3-(Kj 

258 

326 

870 

402 

407 

+ 5' 


10 

3200 


50’0 

2-5 

70 

2-91 


318 

1560 

(042 0/oDi.) 

191 

242 

4- 48 

Pancrea.s removed. 
Liver intact 

li 

2250 


50-0 

2-5 

90 

3-75 

140 

158 

1140 

(04 0/ I)i.) 

592 

421 

-171 

12 

2270 

,, 

354 

1-77 

90 

2-66 

222 

343 

lih 

274 

288 

4 14 


13 

__ 


40-0 

2-0 

80 

2-66 

258 

401 

{0473o/^I)i.) 

1230 119 

206 

4 57 


11 

— 

,, 

40'0 

2-0 

no 

3-06 

154 

220 

1710 

381 

372 

- 9, 


15 

21fX) 


31-5 

1-58 

120 

345 

_ 

_ 

_ 

274 

223 

- 511 

1 Curare. Pancreas re- 

16 

2100 

„ 

37-4 

D87 

90 

2-80 

— 

— 


499 

577 

+ 78 J 

[ moved. Liver intact 

17 

_ 


30-0 

1-5 

80 

2-0 

230 

426 

1008 

559 

743 

4 I84l 

Ergotamine. Adrena- 
l line. Pancreas re- 
' moved. Liver intact 

18 

— 


60'() 

6-25 

90 

9-37 

272 

282 

3180 

989 

564 

-125J 

19 

3450 

- 

53-0 

2-60 

90 

4-03 

-- 

254 

1140 

(04 % Di.) 

252 

232 

- 20 

Complete eviscera¬ 
tion. Liver tied ofl 


The calculated Blood 3 glucose values in experiments Nos. 10, 11,12 and 19 are 
938, 992, 764 and 992 mg. per 100 cc. respectively. 


with the conclusion of Campbell and Markowitz [1927,1, 2], that glycogen is 
not produced readily from dihydroxyacetone in the absence of the liver, but 
further experiments are necessary to settle this point. 

It will be noted that in certain experiments ergotamine or curare was 
administered to the animal. As explained above, this was done with the aim 
of preventing glycogenolysis in the liver or muscles respectively but there 
was no evidence that the curarised animals gave more constant results than 
the untreated ones, whilst the animals which had been treated \\uth ergot- 
amine frequently suffered from circulatory failure and usually died if not given 
adrenaline. Moreover the ergotamine was frequently ineffective in paralysing 
the splanchnics completely. 

It is evident from the figures in the preceding table that no significant 
difference is observable under the above conditions in the power of dextrose 
and of dihydroxyacetone to cause deposition of glycogen in the muscles. In 
the eight experiments with dextrose the mean decrease in muscle-glycogen 
from the beginning to the end of the perfusion period was 0*040 ± 0*051 %, 
whilst when dihydroxyacetone was used the decrease was 0*027 ± 0*054 %. 
It is obvious, however, that in individual experiments a change in the glycogen 
is quite considerable and the question arises as to whether this can be corre¬ 
lated with any of the other factors which vary from experiment to experiment. 
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Inspection shows that with the exception of experiment No. 18, a marked fall 
in glycogen is usiially associated with a lower initial blood-sugar, whilst a 
marked rise in glycogen is usually observed with a high initial blood-sugar. 
The figures (including Exp. 18) were therefore examined statistically, taking 
the 13 experiments in which the initial blood-sugar had been determined, in 
order to find out whether any correlation existed between the level of initial 
blood-sugar and the change in the muscle-glycogen. The value of the partial 
correlation coefficient between initial blodd-sugar level and change in muscle- 
glycogen for a constant initial glycogen content was found to be — 0-30 i 0*15. 
This correlation coefficient would have been considerably greater but for 
experiment No. 18. It may be noted that in this experiment an unusually 
high initial muscle-glycogen existed and the large fall in glycogen content 
may be related to this factor. Because of the comparatively small number 
of animals (13), the probable error of the corrtdation coefficient is high and 
too much emphasis must not be laid on the result, but the above experiments 
suggest that the level of the initial blood-sugar in such a perfusion probably 
plays a role in determining the alteration in glycogen. This may be due to 
the stimulation of the pancreas, in the short time that elapses before it is 
excised, so that it secretes insulin and in this way brings about the deposition 
of glycogen. 

Whilst these experiments do not prove conclusively that dihydroxyacetone 
cannot cause deposition of glycogen in the muscles more readily than dextrose, 
they show that there is no striking tendency towards such glycogen deposition 
and to this extent are in accord with the observations of Cori and Cori which 
have been mentioned above. In some experiments, the amount of dihydroxy¬ 
acetone administered was certainly large enough to effect a definite rise in 
muscle-glycogen provided the triose readily polymerised to form the poly¬ 
saccharide. In experiment No. 18, in which 9 g. of dihydroxyacetone were 
administered, a fall of glycogen occurred of 0*425 %, which is by far the 
greatest fall observed in all experiments, and further, the four experiments 
in which a fall took place with dihydroxyacetone are those in which the 
animal received the largest amounts of the triose, and the animal which re¬ 
ceived the smallest amount of dihydroxyacetone showed the biggest rise. If 
the correlation coefficient between the amount of triose administered and the 
change in glycogen be calculated it is found to be 0-95 ± 0*02, which indicates 
a strong relation between fall in glycogen content and the amount of triose 
given. As mentioned above, too much emphasis cannot be laid upon the 
exact figure, because of the comparatively small number of animals used. 
When the experiments in which dextrose was administered are examined in 
a similar way, the correlation coefficient is found to be 0-56 ± 0*15. This also 
indicates the important effect which a large amount of dextrose has in causing 
the muscle-glycogen to fall. We do not at present propose to discuss the 
various theories which may be advanced to explain this remarkable result. 
Since the amount of carbohydrate injected has this effect upon the 
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disappearance of glycogen from muscle, it is obvious that no conclusion can 
be drawn, from experiments of this type, regarding the comparative ease with 
which glycogen can be laid down in muscle. 

Summary. 

1. When dihydroxyacetone is administered intravenously to decerebrated 
cats from which the pancreas has been renioved, the change in muscle-glycogen 
depends largely upon the amount of triose administered. With small quantities 
an increase tends to occur, with large quantities a decrease. 

2. When dextrose is administered under similar conditions, results of an 
analogous type are obtained, although, in this case, the relation between the 
amount of glucose administered and the change in glycogen may not be so 
great. 

3. The level of the initial blood-sugar, before pancreatectomy, appears to 
have some effect upon the change in muscle-glycogen, high initial blood-sugars 
tending to cause an increase. This is probably due to stimulation of insulin 
secretion by the pancreas. 

4. From the experiments, no evidence could be obtained that muscle- 
glycogen was more readily formed from dihydroxyacetone than from dextrose 
in presence of the liver. 

The authors desire to express their thanks to the Trustees of the Carnegie 
Trust for the Universities of Scotland for a Research Fellowship (awarded to 
R.H.S.), and to the Medical Research Council for a personal grant (C.G.L.). 
Part of the expenses of this research was defrayed by a grant from the 
Moray Fund. 
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XLIX. THE ANTICOAGULANT ACTION 
OF ANTITHROMBIN. 


By JOHN OGLETHORPE WAKELIN BARRATT. 

From, the Lister Institute, London. 


{Received April 24th, 1929.) 


The presence of a substance in blood, wbich inhibited coagulation, was noted 
by early workers on blood coagulation. Schmidt [1892] stated that this 
substance was present in all cells. To it the term anti-fibrin-ferment was 
applied by J. Mellanby [1908] and antithrombin by Howell [1910]: the former, 
who found that the anticoagulant action was abolished by heating to 70^\ 
observed that complete disappearance of thrombin could not be effected by 
the addition of an excess of antiferment and therefore concluded that the 
union of antiferment with ferment (thrombin) followed the law of mass action. 
According to Howell [1^12] antithrombin enters into combination with pro¬ 
thrombin and also with thrombokinase, but does not combine with thrombin 
[ci Bordet, 1920]. 

The anticoagulant action of blood upon a mixture of fibrinogen (plasma) 
and thrombin is observable in the presence of sodium citrate. All the ex¬ 
periments about to be described were made with citrated solutions. Under 
these conditions of experiment thrombokinase does not convert prothrombin 
into thrombin: the possibility of the coagulation time being affected by any 
concomitant interaction of thrombokinase and prothrombin, occurring in the 
plasma employed, is thus avoided. The action of the anticoagulant must, 
therefore, be exerted either upon fibrinogen or upon thrombin and is pre¬ 
sumably similar to the effect of simple dilution of one or other of the solutions 
of these two substances employed. 

The action of serum in producing delay of coagulation in presence of 
sodium citrate, is illustrated by the following two experiments (quantities of 
liquid being given in cc.)U 

Table L 


0’85 % NaCl Thrombin Onset of coagulation 
0*014 0 026 2*6 minutes 

*— 0026 4-5 


It wiU be observed that the coagulation time is nearly doubled by the 
addition of a relatively small amount of serum. 

A similar result is obtained if plasma is employed instead of serum. 


^ As source of thrombin the venom of Echis carimtus [cf. Barratt, 1913] was used. I am 
indebted to Sir Charles Martin, F.K.S., Director of the Lister Institute, for kindly providing me 
with a supply of this venom. 
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The anticoagulant was, however, found to be present in plasma in amount 
too small for experimental work: in particular the effect upon fibril formation, 
which it was desired to observe, could not be ascertained, the changes noted 
being slight and indefinite. 

An attempt was therefore made to determine if the anticoagulant sub¬ 
stance could be extracted from plasma. Ultimately it was found that the 
complete disappearance of this substance, which occurs on heating plasma 
or serum to 70"^, does not take place in presence of a large excess of distilled 
water. Making use of this circumstance some measure of success was obtained 
by the following method of extraction which was employed for Exps. 3 to 6, 
given below. 

5 cc. of human plasma were added to 45 cc. of distilled water and the 
diluted plasma so obtained was poured into 450 cc. of distilled water at 100°. 
After being kept at about 90^ for 5 minutes, the mixture was cooled to 70*^, 
at which temperature it was allowed to evaporate. In the course of 2| hours 
its volume was reduced to 20 cc. This w^as put into a parchment thimble and 
allowed to dialyse into a litre of distilled water for 48 hours. The liquid con¬ 
tained in the parchment thimble was then evaporated to dryness. The residue 
was extracted with distilled water, in which it in part slowly dissolved, the 
insoluble portion being separated by centrifugalisation and the supernatant 
liquid again evaporated to dryness. The residue thus obtained was then 
extracted with distilled water, more insoluble material appearing. The process 
of extraction was repeated several times until at length no further insoluble 
precipitate was obtainable. In this way a small amount of soluble residue 
forming a brownish hyaline scale wap obtained. For the separation of in¬ 
soluble protein removal of salts by dialysis was found to be essential. 

A portion of this soluble extract, dissolved in 0*85 % NaCl solution, was 
mixed with citrated plasma. To the mixture thrombin was added (Exp. 3), 
a control experiment, in which 0*85 % NaCl solution free from extract was 
used, being also made (Exp. 4). These experiments were repeated with a 
slightly larger amount of extract (Exps. 5 and 6). The figures in brackets in 
Table II represent the amount of plasma corresponding to the extract em¬ 
ployed. 

It will be seen that in each case the addition of extract caused delay in 
the time of appearance of fibrils. 


Table II. 







Time of 
appearance 


Plasma 

Extract 

0*85 % NaCl 

Thrombin 

of fibril 

Exp. 

cc. 

cc. 

cc. 

cc. 

mins. 

3 

005 

— 

006 

001 

20 

4 

0*05 

•06 (0*25) 

— 

001 

56 

5 

005 

0-06 

001 

21 

6 

0-05 

'06 (0-4) 

— 

001 

120 


In order to determine whether this delay is due to an action exerted upon 
fibrinogen or upon thrombin, the effect upon the fibrils of the coagulum was 
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noted and compared with that occurring (1) when the plasma employed is 
diluted, and (2) when the thrombin added is similarly diluted: in the former 
case, in which the concentration of fibrinogen is diminished, the fibrils become 
short and fine, scanty and barely visible; in the latter, in which the concen¬ 
tration of thrombin is lowered, they are also reduced in number, but exhibit 
increase in length and thickness [Barratt, 1921]. 

In Table III the condition of the fibrils in Exps. 3 to 6 is given. 


Table III. 


Exp. 

Approximate 
number of 
fibrils in field 

Length 

Thickness 

3 

3000 

15/Lt to 40/X 

O' 1 fx to 0'2p 

4 

1000 

20/x to 50/x 

O'lp to 0-2fx 

5 

4000 

30/x to 60/x 

O'l/x to 0-2/X 

6 

1200 

Iby io llOfj. 

0'2jlx to 0-4.u 


It will be seen that a decrease in number of fibrils occurs when extract is 
added, accompanied by an increase in length and thickness. The anticoagulant 
substance thus causes diminution in the amount of free thrombin present and 
is, therefore, an antithrombin in the sense of causing such decrease. 

It may be observed that the only means at present available of deciding 
whether the action of antithrombin upon a mixture of fibrinogen and thrombin 
in presence of sodium citrate is exerted upon fibrinogen or upon thrombin 
appears to be by noting the accompanying change of type of fibril formation. 
In this way an unequivocal indication of the mode of action of the anti¬ 
coagulant is obtained. 

Summary. 

(1) Experiments were made to determine the effect of anti thrombin, ob¬ 
tained from human blood-plasma after removal of precipitable proteins, upon 
the formation of fibrils in the coagulation of fibrinogen. 

(2) It was found that the anticoagulant action of anti thrombin upon a 
mixture of fibrinogen (citrated plasma) and thrombin in vitro is exerted upon 
thrombin, which becomes diminished in amount: no evidence of any action 
upon fibrinogen was observed. 
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L. ON CARRAGEEN {CHRONDRUS CRISPUS). 

IV. THE HYDROLYSIS OF CARRAGEEN MUCILAGE. 


By PAUL HAAS and BAEBARA RUSSELL-WELLS. 
From the Botanical Department, University College, London. 

{Received April 25th, 1929.) 


The chemical composition of carrageen has been the subject of investigation 
from time to time by various authors \e.g. Fluckiger and Obermayer, 1868; 
Rente, 1875, 1876]. More detailed investigations were carried out by Haedicke, 
Bauer and Tollens [1887J, who established the }>resence of fructose and esti¬ 
mated the galactose content at 28 %. Sebor [1900] confirmed the presence 
of galactose and fructose, found small quantities of pentosan and claimed to 
have found evidence of glucose, a question which will be referred to again 
later in the present paper. 

All the above authors assumed the mucilage which is obtained by ex¬ 
tracting the weed with water to consist of a single polysaccharide. Later, 
however, it was shown by Haas and Hill [1921] that the extract is in fact 
a mixture of two substances both of which are carbohydrate esters of sulphuric 
acid of the following type: 


.OSOoO. 

R/ ^Ca 

NOSO^O/ 


in wdiich R stands for the carbohydrate radicle. These two ethereal sulphates, 
which were described as hot and cold extracts (H.E. and C.E. respectively), 
differed primarily in their solubilities and in the fact that the H.E. in 3 % 
solution forms a gel wdiereas the C.E. forms instead a viscous liquid. The 
present investigation is the outcome of an attempt to isolate the carbohydrate 
complex free from sulphate, but, as the result of a number of trials with 
various strengths of acid, it was found that the conditions which favour the 
separation from either H.E, or C.E. of the sulphate residue involve the com¬ 
plete breakdown of the carbohydrate complex. 

It has been known that carrageen mucilage cannot be heated with dilute 
acids such as lemon juice or vinegar without sacrificing its gelatinising powder. 
This observation seemed of some interest, and experiments were accordingly 
undertaken with the object of determining the strength of acid which would 
just destroy the gelatinising power of H.E. It was found that when a 2 % 
solution of H.E. was heated at SO"’ for 45 minutes with 0*15 N sulphuric acid 
the resulting liquid had acquired reducing properties, but, contrary to expec¬ 
tation, this was not due to the formation of free sugar but to the production 
of a non-dialysable product which proved to be still an ethereal sulphate. 
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In an actual experiment 250 cc. of 2 % H.E. were mixed with 250 cc. of 
0*15 iV sulphuric acid and heated on a water-bath for 45 minutes at 80"^. 
The contents of the flask were then cooled and neutralised with calcium 
carbonate and. after filtration, evaporated to small bulk in vacuo and dialysed 
against distilled water for 2 days, then against running tap water for another 
2 days, and finally once more against distilled water for a further 24 hours: 
the contents of the dialyser were then evaporated to dryness. The resulting 
product was designated the “residue.” 

The outer water from the first two days’ dialysis was collected, evaporated 
to small bulk, filtered, heated to boiling, treated with a hot solution of baryta 
and left to stand overnight. After filtering, the excess baryta was precipi¬ 
tated with carbon dioxide, and the liquid heated to boiling, filtered and 
evaporated to dryness over a water-bath; this product was designated the 
“dialysate.” As the residue was found to be slightly dialysable, the dialysate 
was further purified by being once again put into the dialyser, in this case 
only the first 12 hours’ dialysate being collected and evaporated to dryness. 

Examination of residue and dialysate. 

Residue, This, consisting of light yellow horny scales and having an ash 
content of 19*75 %, was found to reduce Fehling’s solution and to be optically 
active, specific rotation -f- 38*3°. It gave a positive Selivanofi reaction indi¬ 
cating the presence of fructose; the presence of pentose was also established 
by Bial’s reagent and the production of furfural on heating with 12 % hydro¬ 
chloric acid. On oxidation with nitric acid, crystals of mucic acid were ob¬ 
tained proving the presence of galactose. The solution gave no precipitate 
with barium chloride until after hydrolysis with hydrochloric acid, when a 
precipitate of barium sulphate was obtained which corresponded to a sulphate 
content of 26*72 %. An estimation of the sulphate contained in the ash 
obtained by incinerating a sample of the same material gave a value of 
13*66 % calculated on the dry weight of the material. From these two figures 
the presence of an ethereal sulphate may be regarded as established [cf. 
Haas, 1921]. 

Dialysate, This was obtained as a brown, gummy material which it was 
not found possible to purify. It gave no precipitate with barium chloride 
until after hydrolysis with hydrochloric acid, from which it was inferred that 
it was also an ethereal sulphate. The substance gave the colour reactions for 
pentose and for fructose, but on oxidation with nitric acid yielded no mucic 
acid, showing the absence of galactose. It did not reduce Fehling’s solution 
until after hydrolysis and was optically inactive. 

The fact that the reducing properties were confined to the residue, which 
was unable to pass through a parchment dialyser, while the dialysable product 
had not reducing properties, showed that no free sugar had been produced 
as the result of the mild conditions of hydrolysis described above, since such 
sugars, if formed, would have passed out of the dialyser into the outer water. 
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Prom the description of the dialysate and residue given above it will be 
seen that they differ from each other and from the original H.E. The following 
table summarises the characters of the three substances: 


Pentose (Bial’a reagent) 

Dialy8at(^ 

Residue 

+ 

H.E. 

+ 

Galactose (by mucic acid tost) 

- 

+ 

+ 

Fructose (by Selivanoff) 

Reduction of Folding’s solution 

+ 

+ 

-1- 

- 

+■ 


Optical activity 

Inactive 

Dextrorotatory 

1* 


The optical acti\hty of this material could not bo satisfactorily determined owing to the 
fact that a sufficiently strong solution for the purpose is too opaque. 


The occurrence of glucose in carrageen mucilage. 

The presence of glucose in carrageen was originally suggested by Sebor 
[1900] on somewhat slender evidence; subsequently Miither and Tollens [1904] 
claimed to have established the presence of glucose on the basis of an analysis 
of the silver salt of a presumed saccharic acid. Since the silver content of 
saccharic acid is the same as that of mucic acid, a determination of the silver 
content furnishes no proof of the presence of glucose. It will be seen from 
the table given above that both dialysate and residue give the Selivanoff 
reaction for fructose before hydrolysis. When hydrolysed by heating on a 
water-bath for 3 hours with 5 % hydrochloric acid, however, the resulting 
solutions no longer gave the Selivanoff reaction, but on treatment with phenyl- 
hydrazine the residue alone gave a precipitate of glucosazone. Since the 
negative Selivanoff reaction showed the absence of fructose, the osazone could 
only have been formed from glucose. 

In order to obtain further evidence in support of the presence of glucose, 
an attempt was made to prepare the acid potassium saccharate by oxidation 
with nitric acid; here a difficulty was encountered from the fact that, owing to 
the high calcium content of the material, the products of oxidation, namely 
mucic, oxalic and possibly saccharic acids, were obtained in the form of their 
sparingly soluble calcium salts. This circumstance makes it probable that 
saccharic acid, if present in small quantity, would escape detection, and in 
fact preliminary experiments failed to reveal any of this acid. To overcome 
this, recourse was had to the oxidation of a sample of the potassium salt of 
the H.E. For this purpose the mucilage was boiled on a water-bath with 
potassium carbonate, and subsequently filtered from the calcium carbonate 
formed. 2 g. of the resulting potassium salt were then oxidised with nitric 
acid, filtered from the crystals of mucic acid produced, and treated with 
anhydrous potassium carbonate and acetic acid in the usual manner. After 
the solution had stood for some days, perfectly typical crystals of acid potassium 
saccharate were obtained. This experiment, taken in conjunction with that 
in which glucosazone was obtained from the residue after the destruction of 
the fructose, establishes conclusively the presence of glucose in the mucilage 
of carrageen. 
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Alkaline hydrolysis. 

A further attempt was made to isolate the carbohydrate residue by 
alkaline hydrolysis of C.E.^ For this purpose various concentrations of 
aqueous sodium, potassium and barium hydroxides were successively tried 
both at the temperature of the water-bath and at higher temperatures in an 
autoclave; but, as in the case of acid hydrolysis, it was found that any attempt 
to split off the sulphate complex was accompanied by a breakdown of the 
carbohydrate with the formation in this instance of lactic acid and other 
products. Moreover, an examination of the products of alkaline hydrolysis 
revealed the fact that the quantitative liberation of the sulphate is a very 
slow process, as is shown by the following experiment. Portions of C.E. 
weighing 0*7 g. were heated with 40 cc. 3 % sodium hydroxide (free from 
sulphate) in an autoclave at 110° for varying lengths of time and the amount 
of free sulphate produced was estimated. The results obtained are presented 
below in tabular form. From the figures a curve was constructed which by 
extrapolation indicated that complete hydrolysis should have been effected 
in hours. Actual experiment showed, however, that out of a possible 
30 % of sulphate only 20-5 % could be so obtained. This suggests that a 
portion of the sulphate is united more firmly than the rest, since it resists 
hydrolysis by 3 % sodium hydroxide at 110°. 


Time heated 

Sulphate obtained 

Time heated 

Sulphate obtained 

hours 

0/ 

/o 

hours 

‘V 

/o 

1 

10-42 


18-28 

2 

12-16 

Hi 

18-18 

3 

14-78 

ICi 

/19-86 

7 

17-00 

\ 20-00 


This conclusion is in agreement with the observations made upon acid 
hydrolysis where it was found that, while appreciable quantities of sulphate 
could be set free by a few minutes’ boiling with dilute mineral acid, complete 
hydrolysis could only be effected by 6 hours’ boiling with 4 N hydrochloric 
acid. 


Action of alcoholic potassium hydroxide on h.e. 

12 g. H.E. were dissolved in 160 cc. water and 320 cc. 3% alcoholic 
potassium hydroxide added. The H.E. was precipitated, but in spite of this 
the whole was heated on a water-bath under a reflux condenser for 15 hours. 
Examination of the residue showed that three different substances had been 
.produced, a portion soluble in cold water, another soluble in hot water only 
and a third which was insoluble in either hot or cold wtlter. That none of 
these three was the sulphate-free carbohydrate complex was shown by the 
fact that they all contained a higher percentage of ash than the original 
material. The hot water-soluble portion was found to have a gelatinising 

1 In this case the C.E. was selected for experiment since it is an ethereal sulphate of the 
same type as H.E. but takes considerably less time to prepare. 
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power five times as great as that of the original substance. It was shown 
to be an ethereal sulphate and is probably the potassium salt of the original 
H.E.; previous attempts to prepare this salt by double decomposition from 
the original mucilage, which is a calcium salt, had resulted in a compound 
which also had a greater gelatinising power than the original but contained, 
like the original, a certain percentage of nitrogen, whereas the product here 
obtained was nitrogen-free. It was not further investigated. 

Summary. 

(1) The loss of gelatinising power resulting from mild hydrolysis of carra¬ 
geen is not accompanied by production of free sugars although reducing 
properties are developed. 

(2) The solution resulting from mild hydrolysis of carrageen contains two 
ethereal sulphates, which can be separated by dialysis. The product which is 
retained by the dialyser has reducing properties; the substance which passes 
through has no reducing power. 

(3) The presence of glucose has been established in carrageen mucilage. 

(4) Alkali hydrolysis of a cold water extract is shown to result in com¬ 
plete breakdown of the carbohydrate complex, and it was found that a quanti¬ 
tative separation of the sulphate could not be eilected by this means. 

The authors acknowledge their indebtedness to Miss K. J. Bardsley, M.Sc., 
for a preliminary study of the behaviour of carrageen under varying con¬ 
ditions of acid hydrolysis. 


REFERENCES. 


Rente (1875). Bcr. dmisch, chem, Oes. 8, 417. 

-(1876). Ber. dculsch. chtm. Oes. 9, 1158. 

Fiuckiger and Obermayor (1868). Eej). Pharm, 380. 

Haas (1921). Biocliem. J. 15, 469. 

-and Hill (1921). Ann. Appl. Biol 7, 352. 

Haedicke, Bauer and Tollens (1887). Liebig's Ann. 238, 302. 
Muther and Tollens (1904). Ber. deuisch. chem. Oes. 37, 298. 
Sebor (1900). Oesterr, Chem. Z, 3, 441. 



LI. THE ISOLATION OF A CARBOHYDRATE 
DERIVATIVE FROM SERUM-PROTEINS. 


By CLAUDE RIMINGTON. 

From the Biochemical Department^ British Research Association for the 
Woollen and Worsted Industries, Headingley, Leeds, 

{Received April 29th, 1929.) 

Many investigators in the past have, at different times, called attention to 
the fact that preparations of proteins made by them persistently gave positive 
Molisch or orcinol tests. In no case, liowever, was any satisfactory evidence 
brought forward in support of the view that carbohydrate substances could 
be separated from proteins until Seemann [1898] obtained glucosamine from 
egg-albumin as the hydrochloride, after acid hydrolysis of the protein. 
Numerous other investigators have reported the isolation of osazones as a 
result of treating the acid hydrolysates of various proteins with phenyl- 
hydrazine hydrochloride in the customary manner. Thus Mdrner [1893] ob¬ 
tained from serum-globulin an osazone melting at 170'^ 172''. Pavy [1895], 
Krawkoff [1896] and Jacewicsch [1897] also reported positive findings, whilst 
Langstein [1902] succeeded in isolating benzoylglucosamine after having 
benzoylated the mixture obtained by hydrolysing crystalline serum-albumin. 

A very large amount of work has also been done upon the mucins, clearly 
proving that they are glucoproteins and establishing their conjugate character. 

In the case of the simpler proteins—especially the albumins and globulins 
—agreement is by no means so general. Whilst researches such as those 
quoted above seem to indicate the probable presence of carbohydrate groups 
as integral constituents, the criticism is always possible that the starting 
material was not put through a sufficiently rigorous process of purification. 
Moreover, evidence of a more indirect nature has been sought by examining 
the power of hydrolysed proteins to reduce alkaline copper solutions and whilst 
many investigators have claimed positive findings in this direction the results 
of others have been directly opposed [Hofmann and Pregl, 1907]. Abder- 
halden, Bergell and Dorpinghaus [1904] deny the presence in serum-albumin 
of any carbohydrate capable of giving a positive Molisch reaction. Among 
8uch*jcontrary fSndingvS it is difficult to draw any conclusion. The present author 
would suggest that the lack of unanimity is very probably due in large measure 
to the differing experimental conditions. Most previous workers have em¬ 
ployed relatively concentrated acid to effect hydrolysis of the proteins. Under 
these conditions secondary reactions are liable to occur, involving amino-acids 
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and any carbohydrate that may be formed, and resulting in humin pro¬ 
duction. It is significant that in nearly all cases the carbohydrate recognised, 
or claimed to have been present, is glucosamine or an amino-sugar. Now 
glucosamine gives neither the Molisch nor the orcinol tests and therefore if 
these tests were originally positive the protein must also have contained some 
other carbohydrate substance. 


Experimental. 

In the present investigation very carefully purified proteins have been 
used and a method of hydrolysis employed which, whilst efiective in breaking 
up the protein, had little or no action upon the carbohydrate substances 
formed. 

Prejparatioyi of the serum-]) rote his. 

Freshly drawn horse’s blood was allowed to stand at 0'^ for 24 hours. 
The expressed serum (2 vols.) was separated off and centrifuged. It was then 
diluted with 5 vols. of water and 3 vols. of saturated ammonium sulphate 
were added. The small precipitate was filtered ofi and discarded. Ammonium 
sulphate was added to the remainder until half saturation. The precipitated 
globulin was separated by suction and the albumin precipitated by fully 
saturating with solid ammonium sulphate. 

These two precipitates were purified by eight successive reprecipitations 
from large volumes of solution, the end fractions being discarded. 

Each was then denaturated by addition of 5 vols. of alcohol and 30 cc./litre 
of a salt buffer mixture^ (p^ 4*7) to its aqueous solution. After removal of 
the alcohol, the denaturated protein was washed by repeated extraction with 
large volumes of distilled water (5 litres to 150 g. protein) filtering by suction 
between each washing. Dehydration was finally accomplished by alcohol and 
absolute ether. The preparations so obtained were pure white in colour. 
Coloured filter papers were employed throughout so that any fine particles 
adhering to the precipitates could be easily seen and removed. Preparations 
of both albumin and globulin used in reasonable quantity were found to give 
a faint, but distinctly positive, Molisch reaction. The colour appeared to form 
somewhat slowly and was most intense after about half an hour’s standing. 
Possibly hydrolysis in the presence of the acid was occurring, liberating the 
reactive agent. 

Isolation of a carbohydrate derivative. 

Hydrolysis was accomplished by boiling under a reflux condenser 150 g. 
of albumin or globulin with an equal weight of crystallised baryta and ten 
times its weight of water. 

* Made up as follows, 

Sol. A. 40 g. potassium sulphate, 202*5 g. sodium sulphate (cryst.), 360 cc, water heated to 
effect solution, then cooled. Sol. B. Normal acetic acid. Sol. C. Normal sodium acetate. Equa 
volumes of A, B and C mixed: ;pu = 4-7-4*8, 
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After 31 hours the golden-coloured solution, which gave a strongly positive 
Molisch reaction, was cooled, filtered from a little insoluble material and the 
bulk of the barium removed by passing a stream of carbon dioxide through 
the solution at 60°. 

After filtration, saturated lead acetate was added, and the slight pre¬ 
cipitate filtered off and discarded, as it was invariably found to give no 
Molisch reaction. The carbohydrate was precipitated, however, by addition 
of ammonia which was continued as long as any precipitate formed. The 
filtrate gave no Molisch reaction, showing that separation was complete. 

The lead-ammonia preci])itate was filtered by suction, washed repeatedly 
on the filter with weak ammonia, finally with distilled water, and then ground 
into a cream with water. Upon acidifying with acetic acid most of the pre¬ 
cipitate dissolved; the insoluble matter, w^hicli was usually pigmented, could 
be filtered off and discarded as it gave no Molisch reaction. Addition of excess 
of ammonia to this filtrate once more precipitated the carbohydrate. It w^as 
found by experience that much difficulty could be saved at later stages by 
repeating this washing and reprecipitation of the lead compound several times. 

Finally it was suspended in w^ater and decomposed by a stream of carbon 
dioxide at 00°. The point at which decomposition is complete can be easily 
ascertained with practice, for at this stage the suspended lead carbonate 
rapidly sinks to the bottom of the containing vessel. 

The liquid was filtered. It was light yellow in colour, gave an intense 
Molisch reaction and pink biuret reaction, showing that it still contained 
protein substances. Most of the latter were removed by addition of mercuric 
chloride solution (saturated). It was necessary to add the reagent until further 
addition caused no turbidity and then to allow the mixture to stand in the 
laboratory for several days—10 or 12 preferably—as precipitation continued 
slowly for some time. The filtered liquid w^as now treated wdth hydrogen 
sulphide to remove excess of mercury and lead and after filtration a stream 
of air was drawm through to remove excess of gas. At this stage the solution 
w^as colourless or very pale yellow. It still gave a faint biuret reaction (pink) 
and an intense Molisch reaction but did not give any trace of turbidity with 
the following protein precipitants: uranium acetate, soditim tungstate, copper 
acetate. Phosphotungstic acid in 5 % sulphuric acid gave a white precipitate. 
This contained the carbohydrate but precipitation was not complete until a 
large excess of the reagent was present. The final stages of isolation took place 
as follows. The clear filtrate from the mercuric sulphide was concentrated 
under reduced pressure to a small volume. Four volumes of methyl alcohol 
were then added, followed by 5 vols. of absolute ether. 

The carbohydrate material was precipitated as a sticky mass which ad¬ 
hered to the sides of the vessel and stirring rod. By leaving it in contact with 
absolute ether, its character changed completely, for on dehydration it broke 
up into a fine white powder, having an almost crystalline appearance. 

After 5 or 6 reprecipitations by means of methyl alcohol and ether, it was 
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found that the nitrogen content remained constant at 4-4 to 4-9 % (in place 
of 5*5 % after the first precipitation). The material at this stage still gave a 
pink biuret reaction suggesting admixture with protein substances. 

Much biuret-giving material was eliminated by addition of glacial acetic 
acid to the concentrated aqueous solutions and, after 2 or 3 precipitations by 
ether, the anhydrous material was found to have a constant nitrogen content 
of 4*1 %. The products isolated from albumin and globulin respectively were 
apparently identical. The yield from each protein was just under 2 % of pure 
material. 

Microanalysis^ yielded figures which, after correction for a slight amount 
of ash (about 0-2 %), agreed with the formula C 12 H 23 O 10 N. A small but variable 
amount of chlorine was also present (about 3 %) and this has been allowed 
for in reckoning the percentages. 

Carbohydrate from albumin. 

Prep. I. Total N 3-99, 4-28, 3-94 %. 

Prep. IL C 41-57, 42-89; H 7-26, 7-61; N 3-99, 4-14 %. 

Calcd. for C 42-21, H 6-79, N 4-10 %. 

Carbohydrate from cjlobulin. 

Prep. 1. Total N 3*98, 4-17 %. 

Prep. II. C 41-73, 42-71; H 7-01, 6-75; N 4-19 %. 

Calcd. for 42-21, H 6-79, N 4-10 %. 

Propel ties of the carbohydrate derivative. 

The substance isolated appears to be a nitrogen-containing polysaccharide. 
It is extremely hygroscopic, dissolves readily in water, giving a pale yellow 
solution, but is without measurable optical activity. The Molisch reaction is 
intense, the biuret reaction negative and the orcinol test gives merely a 
greenifth-red colour quite different from the reaction of glycuronic acid or 
the pentoses. Solutions of the substance do not reduce Fehling’s solution 
but do so after hydrolysis with acid. 

On account of these properties it was thoughts desirable to obtain an 
accurate determination of the molecular weight. The cryoscopic method was 
used, the solvent being water, and the following results obtained: 

Carbohydrate from globulin. 

c - 6-406; A - 0-348°, 0-347°, 0-350°; Mean 0-348. M - 340*6. 

A disaccharide C 12 H 28 O 1 QN would have M ==- 341. The substance is correctly 
represented, therefore, by its empirical formula. 

Identification of the component sugars. An attempt was made to isolate 
the constituent sugars in the following way. 0-595 g. substance (from serum- 
globulin) was heated with 18-3 cc. of 20 % hydrochloric acid for 6 hours in 

^ All microanalyses were performed either by Dr Ing. A. Schooller of Berlin or by Mr A. R. 
Colwell of the Biochemical Laboratory, Cambridge. 
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a sealed tube at 100°. The solution contained some dark tarry matter which 
was filtered off and the filtrate concentrated in vacuo over sulphuric acid and 
sodium hydroxide until nearly dry. Some crystalline material which separated 
was removed, washed with a little alcohol an^ dried for analysis. It proved 
to be a hydrochloride containing nitrogen. 


Analysis (micro): 

C 

H 

N 

Cl 

Found 

33-02 

6-41 

6-25 

16-31 

Calcd. for . 

(glucosamine hydrochloride) 

33-40 

6 54 

0-50 

1645 


A solution of this substance when heated on the water-bath for 2| hours 
with phenylhydrazine hydrochloride and sodium acetate yielded an osazone 
which was identified as glucosazone microscopically and by its melting point 
202°-206°. It was concluded therefore that the substaiice was glucosamine 
hydrochloride. The yield was 0*122 g. or 41 % of the theoretical. 

The residual solution from which the glucosamine had sej)arated w^as 
evaporated to dryness and the residue repeatedly extracted with alcohol, the 
alcoholic extracts being combined, and the alcohol evaporated on the 
water-bath. The residue was taken up in a little water and to this solution 
phenylhydrazine hydrochloride and sodium acetate were added and the 
mixture left in a boiling water-bath. An osazone formed resembling gluco¬ 
sazone in microscopical appearance. The crystals were washed with 20 % 
alcohol then dissolved in hot absolute alcohol; water was added until turbidity 
resulted and the solution allowed to cool. Typical glucosazone crystals formed, 
having melting point 204°-205°. It was thus shown that the sugar associated 
with glucosamine in this carbohydrate derivative obtained from serum- 
globulin was a hexose capable of yielding glucosazone and therefore either 
glucose, fructose or mannose. 


Reducing fower and optical activity of hydrolysate. 


In order to gain further evidence concerning the nature of the hexose 
some periments were experformed in which the carbohydrate material was 
hydrolysed by boiling with acid and the optical rotation and reducing power 
of the sohition determined when hydrolysis was complete. 

The method employed for determining reducing power was that of Will- 


statter and Schudel [1918] where the active agent is sodium hypoiodite which 
distinguishes between aldoses and ketoses, only the former being oxidised. 


0*4689 g. of the carbohydrate from globulin was dissolved in 50 cc. of N HCl 


and the mixture boiled. At intervals, samples were taken and reducing power 
determined by the iodine method. 

Reducing power expi6ssed 
Time (hours) as glucose (mg.) 

0 — 


2 

3} 

5 


Theoretical possible 


78-7 

2290 

4254 

459-7 

481-2 

493-5 
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Within 5 hours hydrolysis was practically complete, the reducing^power being 
97*5 % of theory (all expressed as glucose). The remaining solution, amounting 
to 14 cc. in,all, was neutralised by sodium hydroxide, filtered and its rotation 
observed. 


Rotation in 2 dm. tube 
Concentration (from reducing power) 


546*1 


- -I- 0*40'" 

5G7-3 mg./lOO cc. 

- + 35*28^ 


Assuming glucosamine and mannose to be present in equal proportions, calcu¬ 
lation from the known constants gives, for the mixture, an estimated^ [^] 54 gi 
of -f 38*64'^, whilst for glucosamine glucose fc^l 54 (;i= + 61*27''. Considering 
the difficulties of measurement, using such small rpiantities, the agreement 
is sufficiently close. It may be pointed out that since both components of 
the disaccharide are oxidised in the iodine method the possibility of fructose 
being present is excluded. The substance must therefore consist of glucosamine 
together with either glucose or mannose and the above polarimetric evidence 
strongly suggests that the hexose is mannose. 


Isolation of marmosephenyUiydrazone. 

For the isolation of mannosejihenylhydrazone from the hydrolysis mixture 
1 g. carbohydrate material was boiled with 10 cc. N HCI for 5 hours. When 
cold, the brownish-yellow liquid was neutralised to litmus paper by the very 
cautious addition of sodium hydroxide solution. It was then filtered and 
warmed to about 37", and solid phenylhydrazine hydrochloride (0*4 g.) and 
crystalline sodium acetate (0*38 g.) were added. Solution took place very 
rapidly, whereupon the liquid was again filtered, allowed to cool and gently 
stirred as soon as crystals began to separate. The tube was stoppered and left 
in ice overnight. The crystalline material (which consisted of extremely fine 
microscopic prisms or needles) was separated by centrifugation and washed 
repeatedly, in the same manner, first with distilled water, then with cold 
60 % alcohol and finally desiccated over sulphuric acid in vacuo. 

By elementary analysis and melting point it was identified as mannose- 
phenylhydrazone. Preparations contained a little ash (about 0*9 %), which 


has been allowed for in calculating the 

percentages. 



Analysis (micro): 

C 

H 

N 

Carbohydrate from globulin. Found 

53-95 

0-78 

10-85 

Carbohydrate from albumin. Found 

Calcd. tor mannosephenylhydrazone 
(CloHlgOR^o) 

5311 

6-54 

10-82 

53-33 

()-67 

10-37 


The substances had m.p. 198-199" and 199-200" (uncorr.) respectively. The 
values given in the literature for the melting point of mannosephenylhydra- 
zone vary from 195" to 200". A specimen prepared from pure mannose had 
M.P- 200"; mixed m.p. with substance isolated 199". 


^ The factor 1*18 has been used to convert values of [a]i, into those for the line 5461 A. 
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Isolation of glucosamine hydrochloride from the carbohydrate 
obtained from albumin. 

The carbohydrate materials isolated from the albumin and globulin re¬ 
spectively agree in having the same elementary compowsition and molecular 
weight and also in their physical and general properties. They appear in fact 
to be identical. Glucosamine was identified in the substance from albumin 
in the following manner. 

0*2 g. of the carbohydrate w^as boiled for 5 hours vvnth 50 cc. of 10 % 
hydrochloric acid. The resulting solution was concentrated over sulphuric 
acid and sodium hydroxide m vacuo until crystals began to separate. After 
standing overnight the crystals were separated from the dark syrupy mother 
liquor, washed with 97 % alcohol and then dried. They were yellowish white 
in colour, but after recrystallisation from dilute hydrochloric acid were 
obtained colourless. 


Analysis (micro): 

C 

il 

N 

Cl 

Found 

33-43 

() 02 

0 40 

10-96 

C’alcd. for glucosamine hydrochloride 

33-40 

0 54 

0-50 

10-45 




Preparation of the carbohydrate material by tryptic hyd)olysis of the protein. 

The carbohydrate groups present in the mucins and other gliicoproteins 
have the structure of polysaccharides in which glucosamint‘ and glycuronic 
acid are united. It has been shown by Levene and La Forge [1913J, however, 
that these substances also contain sulphur, in the form of sulpliuric acid in 
ester linkage with the sugars, whilst the amino-group of the glucosamine is 
not free, but is acetylated. Since the conditions of hydrolysis obtaining in 
the work here recorded were such as would probably remove any ester-linked 
sulphuric acid, were this originally present in the carbohydrate com})lex ob¬ 
tained from the serum-proteins, and also such as to eliminate any acetyl 
groups from their union with amino-nitrogen, it was felt that possible criticism 
should be met by endeavouring to obtain the carbohydrate by other methods. 

As identical substances were obtained from the albumin and globulin 
respectively of horse-serum, in this experiment their separation was omitted. 
In all other details the preparation of the proteins resembled that previously 
described, but addition of ammonium sulphate was carried to full saturation 
and the albumin and globulin filtered off together. 

200 g. of the carefully purified and dried mixed serum-proteins were 
suspemded in 2 litres of water together with a little toluene. After standing 
overnight the protein was soft and evenly dispersed throughout the liquid. 
Sufficient sodium hydroxide to bring to p^i 8*3 was then added, followed by 
10 cc. of Allen and Hanbury’s “Trypsin.” This enzyme preparation was 
selected as being the most suitable since it gave an almost entirely negative 
Molisch reaction; other commercial preparations contained considerable quan¬ 
tities of carbohydrate material. After 2 days’ incubation at 38® a further 
10 cc. of enzyme solution was added and the p^ readjusted to 8*3. 
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Hydrolysis was allowed to proceed at 38° for 4 weeks, the mixture being 
shaken occasionally. It was then filtered through pleated filter papers. The 
filtrate was clear yellow in colour and gave an intense Molisch reaction. 
A scheme of isolation was followed identical with that previously described. 
Much trouble was encountered in the final stages, however, in ridding the 
carbohydrate of admixed peptone material, and a repetition of the precipi¬ 
tation with lead acetate and ammonia, followed by all llie subsequent stages, 
was necessary before satisfactory analytical figures were obtained. These 
showed the substance to be identical with that isolated by the baryta hydro¬ 
lysis method. The yield was slightly smalh'r (about 1*5 %). 

Sulphur was tested for but was found to be absent from the })reparation. 


Analysis (micro): 

C 

H 

N 

Found 

42 68 

7-39 

4 95 

Calcd. for ... 

42-21 

6-79 

4-10 


It is clear as a result of these experiments that the carbohydrate substance 
present in the serum-proteins is of a type quite different from that occurring 
in the mucins and has notliing in common with the lattcT save the presence 
in each of glucosamine as one of tht? constituent units. 


t>tructure of the carhohydiaie derivative. 

The molecular weight of the substance isolated is in accordance with that 
required by the simple formula Hence it is clear that the sub¬ 

stance is of the disaccharide type and not a complex polymer. The absence 
of reducing jjrojierties would in this circumstance suggest a linkage similar 
to tliat present in trehalose, involving the tuo reducing groujis of the com¬ 
ponent sugars. 

On the other hand, a union of the a~ or /3-glucoside type would result in a 
molecule exhibiting the same behaviour towards copper solutions if, at the 
same time, the reducing group of one or other of its components was involved 
in some way—for example, with the amino-group of the glucosamine—so 
that its potentialities were in abeyance. 

In order to gain further insight into the constitution of the compound 
attention was directed towards the behaviour of the amino-group. Glucos¬ 
amine and its methyl ester give off nitrogen quantitatively wlien acted upon 
by nitrous acid. When the disaccharide was investigated, using the Van Slyke 
microapparatus, the following results were obtained, from which it is clear 
that the amino-group, though slowly attacked, is capable of reacting quanti¬ 
tatively to form nitrogen. 

Solution (a), 11*768 mg. in 2*5 cc. 

Reaction time 3 mins. ... 1'77 oc. gave 0*22 cc, N 2 at 703 mm. and 20°~1'60 % N 2 . 


Solution (b). 50 mg. in 10 cc. 


Reaction time hr. 
„ 1 „ 

„ 2 „ 

t) „ 


2 oc. 

gave 0-41 cc. 

N, at 769 mm. and 19^ 

= 2-37 

2 

0 5G 

765 

„ 20 

=.3-23 

2 

0-65 

762 

„ 21 

^3-67 

2 

0-70 

760 

20 

==-3-09 




Theoretical 

= 4-10 
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Hynd and Macfarlane [1926] have recently examined the behaviour to¬ 
wards nitrous acid of a number of amino-compounds. Glucosamine they 
found to react only slowly in presence of 20 % acetic acid, taking 18 hours 
for complete decomposition, although itfe salts like the hydrochloride, or the 
free base in presence of mineral acid, yielded all their nitrogen as gas within 
half an hour at 20°. 

They conclude from these observations that glucosamine must contain 
the modified betaine ring suggested by Irvine and Hynd [1913], whilst in 
the case of its salts, or of the base itself in presence of mineral acid, this 
linkage is unstable and gives way to form the free amino-group. 

In many ways the properties of the carbohydrate compound are in keeping 
with the suggestion that the nitrogen atom of the glucosamine is involved in 
a ring of the betaine type, the other hexose being attached in a manner similar 
to the methyl group in Irvine and Hynd's «-aminomethylglucoside. Like this 
substance it exhibits a stability towards acid hydrolysis that is quite irre¬ 
concilable with a simple glucosidic linkage, and the slowness with which the 
reaction takes place between the amino-group and nitrous acid in the presence 
of a weak organic acid like acetic acid suggests that the substance belongs to 
the ‘'free-glucosamine” type, containing ring-nitrogen rather than that of the 
glucosamine salts as typified by the hydrochloride. 

It is impossible, however, to overlook a point of some difficulty arising at 
this juncture, should the suggestion be accepted that the nitrogen atom is 
part of a betaine ring. 

The work of Kenner and Earl [1927] has shown that a grouping, in which 
a nitrogen atom occurs in the quinquevalent state, bears a positive charge. 
In most cases this will give rise to a negatively charged ion but in the case 
of a disaccharide such as that described here it is difficult to see how this 
condition could be fulfilled. It is, however, noteworthy that in all prepara¬ 
tions a very great difficulty was encountered in attempting to eliminate traces 
of chlorine from the compound during its purification, an attempt which, in 
fact, proved unsuccessful. There was in each case a small quantity of chlorine, 
amounting to some 2 to 4 %, which could not be removed by the precipita¬ 
tion procedure adopted. This quantity is smaller than would be required by 
one atom of combined chlorine and was moreover variable, but its presence 
accords with the view that there was resident somewhere in the molecule a 
sphere of electropositive influence. 

Experiments were next undertaken to determine whether any of the usual 
enzymes acting on carbohydrates were capable of hydrolysing the compound. 
Reducing power was determined by the method of Hagedorn and Jensen, at 
intervals of time up to 4 days. The enzyme preparations were all freshly 
prepared and the activity of each was tested upon a suitable substrate. In 
all cases buffer solutions of the appropriate were added to the test and 
control solutions. 
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The following results were obtained: 
Enzyme 
Emulsin 
Ptylain 

Pancreatic amylase 
> Maltase 


Effect 

Nil 

Nil 

Nil 

Slight hydrolysis? 


With maltase the observed increase in reducing power was but slightly 
greater than the experimental error; trehalase, unfortunately, has not yet 
been available for trial. 

The evidence furnished by these enzyme experiments militates against 
the view that an a~ or /3-glucosidic linkage is present. It is in keeping with 
the suggestion that the two sugar molecules are united as in trehalose, or as 
in the modification of this linkage possible when one constituent is an amino- 
sugar, in which the betaine ring occurs. 

In the absence of further evidence it is perhaps unwise to consider the 
structure of this carbohydrate as proven. The following formula is, however, 
put forw^ard with a certain degree of confidence as indicating its jirobable 
constitution. 


H 

I 


I IX 

H—0-N- 

) HO-Jj—H \ 

! I 

h~p~oh 

1-(V-H 

I 

CHoOH 


-C- 


HO—(^-H 

H C 

H—C-OH 

hJ—. 


CIPOH 


There are two possible w^ays in which such a structure could enter into com¬ 
bination with the amino-acid complexes of the protein molecule. In the first 
place attachment might occur through the nitrogen atom, or, secondly, it is 
possible that condensation might occur between one or other of the hydroxyl 
groups and some constituent of the protein molecule. In the absence of 
further knowledge there is no way of deciding between these two alternatives. 


Dedmtions concerning the molecular weights of the serum-proteins. 

Both the albumin and globulin of horse-serum yielded about the same 
quantity of pure carbohydrate material, namely 2 %. Since the carbohydrate 
possesses a molecular weight of 341, the minimal molecular weight of each 
protein is given by the expression M ^ ^ 17050. Of course such a 

calculation can give only approximate figures since it is not possible to de¬ 
termine the percentage content of carbohydrate more exactly than by direct 
isolation; however, this figure is in quite good agreement with the values 
recorded in the literature and found by methods very different from that here 
employed [see Svedberg and Sjogren, 1928; Cohn, Hendry and Prentiss, 1925]. 
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Discussion. 

The demonstration that a carbohydrate complex is one of the structural 
units present in both tlie albumin and globulin of horse-serum is important 
and raises several problems of biological, as well as of chemical, interest. It is 
somewhat surprising to find that this new constituent is present in relatively 
large amounts—approximately 2 % of the dry weight of each protein—and 
one naturally wonders whether any particular biological function is subserved 
by its presence. Reference will be made later to the work of Glassrnann 
[1925, 1926]. 

The part which the plasma-juoteins play in immunity reactions has been 
the subject of many researches. In view of the very interesting results which 
have been obtained recently in a related branch of immunology by Heidel- 
berger and Avery and other workers it is desired to call attention to the fact 
that the soluble specific substances obtained ])y these authors from pathogenic 
bacteria have been shown to be carbohydrate derivatives of a relatively 
simple structure. Many of these specific substances contain nitrogen, pre¬ 
sumably as the amino-group of an amino-sugar. 

It IS so suggestive to find carbohydrate structures having a complexity 
at least comparable with that of the carbohydrate present in the serum- 
proteins and possessed of specific immunological properties, that, whilst 
avoiding undue emphasis, the present writer w^ould suggest that future in¬ 
vestigations concerning the immunological role of the plasma-proteins should 
not overlook the fact that both albumin and globulin contain carbohydrate 
material as an integral constituent of their molecules. 

Returning to purely chemical issues, the question arises of the relatioirshij) 
existing betw^een the serum-proteins and the class of conjugated proteins 
known as glucoproteiris. The wmrk of Levene and La Forge [1913] has shown 
that the mucins contain a carbohydrate complex which is quite different from 
the disaccharide complex of the serum-proteins Moreover, the relations existing 
between the carbohydrate and the serum-proteins are not those usual betw^een 
prosthetic group and protein moiety; the carbohydrate appears to enter into 
their structure just as an amino-acid wnuld or as the phosphorus-containing 
complex enters into the structure of caseinogen [see Rimington, 1927]. 

Throughout the course of the present research attention has been confined 
strictly to the tw^o proteins derived from horse-serum. It is hoped, at a later 
date, to extend and develop the work and, as a preliminary result, it has been 
ascertained that a carbohydrate substance is present also in wool-keratin. 
Whethei* or not it will prove to be the case that carbohydrate complexes are 
of general occurrence in the protein molecule it is impossible to say, but 
recently Frankel and Jellinek [1927] claimed that a carbohydrate composed 
of glucosamine and mannose occurred in egg-albumin. Unfortunately these 
authors did not determine the molecular weight of this product, neither did 
they investigate its structure. Whilst there are points of resemblance between 
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the disaccliaride isolated by me from serum-proteins and the substance ob¬ 
tained by Frimkel and Jellinek, in other characteristics it is notably different. 
Thus Frankel and Jellinek state that their preparation was hydrolysed by 
ptyalin, and furthermore that it yielded no nitrogen- gas when treated with 
nitrous acid in the Van Slyke apparatus. The substance obtained by me from 
serum-proteins was not attacked by any of the carbohydrase preparations— 
including ptyalin—which were allowed to act upon it. Its nitrogen, on the 
other hand, is evolved completely though slowly as nitrogen gas in the Van 
Slyke apparatus. 

Soon after this work was completed Dische [1929J reported some investi¬ 
gations u})on the protein-boimd’’ sugar of the blood. His interest appears 
to centre round the clinical significance of protein-bound sugar, but by adding 
})henylhydrazine hydrochloride and sodium acetate to an acid hydrolysate of 
whole plasma which had been treated with phosphotungstic acid, he succeeded 
in isolating mannose])henylhydrazone and also in detecting the presence of 
another, non-fermentable, reducing substance which, he considers, may be 
glucosamine. 

The conditions ern])loyed by Dische were such as would hydrolyse not 
only the plasma-jiroteins but also the glucosamine-mannose disaccharide 
which would be obtained, during the course of the hydrolysis, from the 
albumin and globulin jiresent. 

Since, largely owing to the work of Glassmann, the whole subject of 
protein-bound sugar has recently taken on a new clinical significance, it is of 
interest to notice how the present research illuminates several long disputed 
points. Lepine [1918], to whom the conception of '‘bound sugar” is due, 
considered that this was sugar held in glucosidic linkage. Bierry and Fandard 
[1911], on the other hand, rejected this view since they found that neither 
einulsin nor invertase increased the reducing power of plasma, boiling acid 
alone being capable of so doing. The present findings clearly substantiate 
Bierry and Fandard’s views. Secondly, the values obtained by different authors 
for the proportion of bound sugar have not always agreed. Thus Glassmann 
[192e5, 192G] arrived at figures six or seven times as large as those of Bierry. 
Dische has shown that alkaline mercuric nitrate --employed as a protein pre¬ 
cipitant by Bierry—removes some reducing material from solution. In the 
light of tlie present investigations it is clear that the material so lost was 
glucosamine derived from the glucosamino-mannose. 

There remains for discussion one point more; namely, the chemistry of 
humin formation. Gortner [1916 and elsewhere] has shown that the humin 
produced from proteins undergoing hydrolysis by boiling acids is derived 
from an interaction between tryptophan and some substance, most probably 
of an aldehydic nature, formed together with the amino-acid during the 
hydrolysis of the protein. Glucose, starch and other carbohydrates were 
shown t/O cause an increase in the yield of humin when added along with the 
protein for hydrolysis. Nothing further is known concerning humin formation, 
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but the discovery of a carbohydrate complex in two proteins at least, and in 
relatively large amount, opens up a new field for experimental attack. This 
carbohydrate may be the precursor of the aldehyde reacting with tryptophan, 
and the failure of investigators in the past to appreciate its presence is no 
doubt due in large part to the fact that acid hydrolytic agents were customarily 
employed in any research^ upon the nature of the constituent units of the 
protein. The bulk of the carbohydrate would thereby be lost as a result of 
secondary reactions. 

A systematic examination of these and allied problems is contemplated 
in the near future. So also is a thorough examination of the different classes 
of proteins with a view to ascertaining whether the nitrogenous disaccharide 
described in the above pages is peculiar to the proteins of horse-serum or 
whether it, or some related compound, occurs universally as a structural 
unit of protein material. 


Summary. 

1. From the carefully purified proteins of horse-serum, a carbohydrate 
derivative has been obtained wliich is regarded as a definite structural unit of 
these proteins. 

2. The substance isolated has the composition Ci2H230j|()N, is devoid of 
reducing properties and exhibits in solution no measurable optical activity, 

3. The constituent sugars have been identified as glucosamine and 
mannose and it has been shown that the compound has a molecular weight 
corresponding to that required by the simple disaccharide formula. Identical 
products are obtained from serum-albumin and globulin respectively and in 
a yield of approximately 2 % in each case. 

4. Calculation from the yield gives figures for the minimal molecular 
weights of the proteins which are in good agreement w^th values previously 
recorded in the literature. 

5. Exactly the same product has been obtained from the serum-proteins 
when trypsin was employed as the hydrolytic agent, thereby establishing the 
distinction between this carbohydrate and the sulphur-containing tetra- 
saccharide of the glucoproteins. 

6. A structure has been suggested for the carbohydrate substance. 

7. Some chemical considerations, arising out of the occurrence of carbo¬ 
hydrate material in these two proteins, have been discussed in connection 
with physiological and immimological problems. 

My thanks are due to the Research Control Committee of tliis Association 
for their permission to conclude and publish this research, the greater part of 
which was carried out at Cambridge. I also wish to thank Sir F. G. Hopkins 
for his continued interest in this problem and Mr A. Colwell of the Cambridge 
Biochemical Laboratory for his kindness in carrying out for me a very large 
number of micro-analytical estimations. j 
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In spite of repeated investigations, divergencies still exist as to the nature and 
relative proportions of the carbohydrates found in the tubers of the Jerusalem 
artichoke (Helianthus tuberosus). 

The most detailed account of these carbohydrates has been given by 
Tanret [1893], who carried out investigations with tubers gathered in Sep¬ 
tember and October. Tanret pressed these tubers in a press, collected the juice, 
and mixed it with about one-tenth its volume of warm basic lead acetate 
solution of specific gravity 1*25. After filtering ofi the precipitate formed, the 
excess lead in the filtrate was removed by means of the requisite amount of 
dilute sulphuric acid. Addition of hot concentrated baryta Avater to the clear 
filtrate thereby obtained yielded a precipitate, which Tanret describes as the 
barium compound of inulin. Further precipitates could be ol)tained from this 
baryta-containing filtrate by addition of increasing quantities of alcohol. 
Altogether seven carbohydrates were separated from the artichoke juice (see 
Table I). 


Table I. 


Percentage of 
carbohydrates ^ 



Calculated 

Calculated 


on dry 

on total 


tubers 

carbohydrates 

Inuhn 

3i2 

20-62 

PseudO'inulin 

0*35 

2 31 

Inulenin 

1-25 

8-26 

Helianthenin 

0-83 

5-49 

Synanthrin 

7'26 

47-98 

Sucrose 

1-78 

11-77 

Laevulose and dextrose 

0-54 

3-57 


1 In his paper Tanret gives his results in grams of carbohydrates per litre of concentrated 
juice. His figures have been converted as above for the purpose of comparison with the results 
of other workers. 
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The reducing sugars laevulose and dextrose were present in small quantities 
only. The relative proportions of the various other carbohydrates are not given 
by Tanret, except in the case of a sample of juice pressed from tubers which 
had been collected in the autumn, but stored in a cellar till the following June 
before analysis. In consequence of the prolonged storage of these tubers the 
figures given by Tanret may not be correct; they are quoted, however, as they 
represent the most complete analysis available in the existing literature. 

Other investigators have arrived at different conclusions with regard to the 
amount of inulin present in artichoke tubers. Thus Konig [quoted by Czapeck, 
1913], reports the presence of 58 % of inulin, presumably on the total carbo¬ 
hydrates present; while Shohl [1923] records 15*5 % of inulin in the fresh 
tubers. 

The presence of sucrose in the tubers has been reported by Dubrunfaut 
[18G7] and by Colin [1918]. Helianthenin and synanthrin are names given by 
Tanret to two laevorotatory carbohydrates with the following characteristics. 



Pseudo-inulin and inulenin are closely related to the inulin proper, but are 
stated to differ from it in their specific rotations, which are said to be for 
pseudo-inulin — 32-2'^, and for inulenin -- 29-6^. On inversion the carbo¬ 
hydrates show a specific rotation of — 85-6° and — 84° respectively. 

Of all the carbohydrates isolated by Tanret from the artichoke tubers only 
sucrose and dextrose give a positive specific rotation. It is to be expected, 
therefore, that the juice obtained by extracting the fresh tubers with water 
will show a negative rotation. That the juice is laevorotatory is confirmed by 
Colin [1918], wdio finds that an extract of the tubers is strongly laevorotatory 
when prepared in autumn (September). When taken from tubers collected 
during early spring, Colin obtained dextrorotatory juice. This undoubtedly 
implies that considerable changes have occurred in the carbohydrates, changes 
which, according to Colin, result in an altered fermentability of the tubers. 
Colin points out that it is necessary to subject autumn-gathered tubers to a 
preliminary hydrolysis with acids before they can be completely fermented by 
yeast, while the carbohydrates of the tubers collected in spring may be directly 
converted into alcohol by yeast without preliminary inversion. That a pre¬ 
liminary hydrolysis of the tubers raises the yield of alcohol obtainable from 
them has also been observed by Rudiger [1920] and by AVindisch [1920]. 

On the assumption that inulin, vrhich is unferraentable by yeast in the 
pure state^, is really present in artichoke tubers, the above observations would 


^ An observation which has been experimentally confirmed by the writers. 
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seem to indicate that inulin undergoes an inversion during storage of the 
tubers, resulting in its conversion into a fermentable sugar; unless it be con¬ 
sidered justifiable to assume with Tanret [1893] that inulin is fermentable by 
yeast when present in an already fermenting mixture of other carbohydrates. 
The experiments on which Tanret bases this assumption were carried out with 
tubers gathered during the early autunan, but stored in a cellar until June of 
the following year. In the juiee obtained from these tubers Tanret found as 
much as 1*36 % of inulin, calculated on the tubers, of which he was able to 
recover only 27*5 % after fermentation of the juice by a yeast, 72-5 % of the 
original amount having disappeared during fermentation. 

As certain investigations carried out by the writers made it desirable to 
collect further information on the fermentative properties of the carbohydrates 
of the Jerusalem artichoke, it was thought justifiable to repeat part of the 
work referred to above and to endeavour to co-ordinate the divergent views 
of previous workers. 

As a preliminary it was decided to determine the rotation of juice pressed 
from tubers collected both during autumn and spring. The results obtained 
are given in Table III and show that a change from laevo-rotation to dextro¬ 
rotation does take place. The actual figures when expressed as specific rotations 
of the whole mixture of carbohydrates found in the tubers agree closely with 
the observation of Colin [1918], who observed a specific rotation not exceeding 
+ 10” in tubers stored until Feb.-March. The comparatively strong positive 
rotation of the carbohydrates in spring juice reaches its maximum about Marcli 
and has decreased to -}- 2*12” by May, when germination has proceeded for 
some time and emptied the tubers of a considerable percentage of their 
carbohydrates. 

Table III. 


Percentage of 


Observed rotation 
of-juice 

r _|20“ 

I y] I) 


specific rotation 
of carbohydrate 
mixture in juice 

i“] I) 


Date of 

carbohydrates 

r " ^ 

Before 

- , 

After 

Before 

After 

examination Total 

Reducing 

inversion 

inversion 

inversion 

inversion 

3. xi. 23 

32 

— 

-0-095^ 

-3-13° 

-1-48° 

-58-9° 

16. xii 23 

516 

0-64 

~0 13^ 

-6-23° 

-1-26° 

-61*6° 

17. i. 24 

(а) 3-43 (a) 

(б) 4*29 

*0-31 

(a) +017^ 

(b) -4-21° 

+ 1-98° 

-61-4° 

27. ii. 24 

6-19 

0'33 

+ 0-71° 

-3-58° 

+ 6-06° 

-57-84° 

18. iii. 24 

6*66 

0-41 

-fO-59^ 

-0-79° 

+ 4-49° 

-57-1° 

7. V. 24 

5-32 

— 

+ 0-261° 

-0-764° 

+ 2-12° 

-58-6° 


♦ Two different juices {a and b) were used for this determination. 

It should be noted that the percentage of reducing sugars in the juice before 
inversion is very small, even in samples of juice extracted from tubers stored 
until March. No increase or only a very slight increase in the laevulose and 
dextrose content has therefore occurred during storage. This is interesting, as 
it shows that the change in the rotation is not due to an increase in the 
concentration of a dextrorotatory reducing sugar. 
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In order to investigate the reason for this change it Avas decided to attempt 
the isolation of the various cai'bohydrates present both in autumn and 8j)ring 
tubers. To do this the method recommended by Tanret aa^us adopted. His 
method, hoAA^ever, aauis not found easy to carry out^, and after several unsuc¬ 
cessful attem})ts it was decided to proceed with the separation in a someAviiat 
different way, though still adhering to Tanret’s method of utilising alcohol of 
varying strengths for the separation of the individual fractions. The procedure 
finally adopted was as folloAA^s. The freshly-dug tubers AAere carefully washed 
and then minced to a fine pulp. The }>ulp w^as mixed with its own w^eight of 
Avarm distilled water and the mixture kept at 70‘ for half an hour. It was 
then pressed and the juice collected. Basic lead acetate solution of sp.g. 
1-25, sufficient to clarify the juice, was added to the extract and the excess 
lead removed from the clear filtrate with sulphuric acid and sulphuretted 
hydrogen. The clear filtrate AA^as concentrated in vaevo at a tem})erature not 
exceeding 42°. Its carbohydrate content Av^as thereby increased to about 20 %. 
To every 100 cc. of this solution one litre of 95 % ethyl alcohol was added, 
and the mixture w^ell shaken. The alcohol caused a voluminous precipitate to 
form Avhen juice obtained from autumn tubers was used. This precipitate wms 
collected on a filter, washed AAuth 95 % alcohol, with ether, and finally dried 
'in vacno over sulphuric acid. When dry it formed a snoAV-wdnte, light and almost 
tasteless poAA^der. 

For the further purification of this poAA^er it Avas redissolved in as little 
W'arm w^ater as possible, and 95 % ethyl alcohol added to the cooled solution 
until its alcohol concentration amounted to 50-55 %. The precipitate, after 
standing overnight, Avas collected and dried as described above. To the filtrate 
a further quantity of 95 % alcohol was added to make its concentration equal 
to about 85 % ethyl alcohol. A precipitate was again formed, which, when 
dried as already described, formed a granular, sandy-coloured poAAMer. After 
precipitation of the above two fractions (B and C) the filtrate contained only 
traces of carbohydrates. 

The filtrate from the mixture of clarified juice with alcohol was evaporated 
in vacuo (temperature 42°) to a thick syru]), containing between 40- 45 of 
carbohydrates. The isolation of these carbohydrates was at first found almost 
impossible. Finally, how^ever, the following method separated the syrup into 
two distinct fractions. Three g. of the syrup were poured into 80 g. of absolute 
alcohol, containing not less than 99*5 % of ethyl alcohol, and the mixture was 
stirred vigorously for some time. Part of the syrup was thereby converted 
into a flocculent precipitate, AA^hich could be filtered off, while another part 
formed a gummy substance on the bottom of the container, a third part 
remaining dissolved in the alcohob The gum, after dissolution in a very small 
quantity of water, could again be divided into a flocculent ])recipitate and 

^ Similar difficulties are also reported by Pringsheim and Lassmann [1022], who were unable 
to confirm Tanret’s results as regards the presence of pseudo-inulin, iiiulenm, synanthnn and 
helianthein. 
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a gum by the addition of the required quantities of absolute alcohol. Repeating 
this process a sufficient number of times the whole of the syrup could be con¬ 
verted into a flocculent precipitate (fraction D), and a carbohydrate (fraction 
E) remaining dissolved in this strong alcohol. This letter fraction could be 
precipitated by the addition of ether to its alcoholic solution, and on separation, 
formed a gummy and extremely hygroscopic substance, light brown in colour 
and having a very sweet taste. The flocculent precipitate was not hygroscopic, 
though extremely soluble m water. It was also light brown in colour and had 
a sweet taste. The filtrate from the fourth fraction (E) contained traces only 
of carbohydrates. 

The whole of the carbohydrates originally present in the juice had therefore 
been isolated by the above process. 

Subjecting both autumn and spring tubers to the treatment described above 
the following yields of carbohydrates were obtained (Table IV). 


Table IV. 




Juice prepared from tubers 

Juice prepared from tubers 



dug and extracted 

dug and extracted 



Nov. 1923 

March 1924 



r 

Obtained 

Present as 

r 

Obtained 

- 

Present as 

Fraction 


by 

addition 

percentage of 
total carbo¬ 

by 

addition 

percentage of 
total cai bo- 


of alcohol 

hydrates 

of alcohol 

hydrates 

B 

-34-96^ 

Insoluble in 

28-04 

Insoluble m ] 

1 



55 % alcohol 


55% alcohol | 

[ 1*02 

C 

-33*42" 

Insoluble in 

13*40 

Insoluble in j 



85 % alcohol 


^85 % alcohol J 

1 

D 

Inactive to 

Insoluble m 

38*00 

Insoluble in 

44*7 


-1*233" 

98 % alcohol 


98 % alcohol 


E 

-2*91" 

Insoluble in 

20-56 

Insoluble in 

64*28 


in autumn to 

a mixture of 


a mixture of 



- 24*91" 

ether and 


ether and 



in spring 

98 % alcohol 


98 % alcohol 



This table is of considerable interest in several respects. It shows, for 
instance, %hsit there is a very material difference in the distribution of the 
carbohydrates in autumn and spring tubers, the latter containing less laevo- 
rotatory and less insoluble substances than the former. Further, the table 
appears to explain why artichoke tubers have in some cases been found to 
contain inulin, while in other cases inulin has been absent. 

As seen from Table V fraction B corresponds with the inulin of Tanret; 
fraction C may be identical with Tanret’s pseudo-inulin. These fractions, B 
and C, disappear irom the tubers toward spring and give place to the more 
readily soluble fractions J} and E. 

Fractions D and E do not compare with any of Tanret’s fractions. They 
are probably mixtures of carbohydrates, since their specific rotations vary, 
depending on the season at which they are isolated from the tubers. As both 
of these fractions yield large percentages of glucose on hydrolysis, the possi¬ 
bility that one of their components is sucrose cannot a priori be excluded, 
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particularly in view of the fact that both Dubruniaut, Colin and Tanret have 
isolated sucrose from Jerusalem artichokes. 


Table V, 


Properties 

Inulin 

Fraction B 

Pseudo-inulin 
(Tanret) 

Fraction C 

/ Before 

-38° to -39° 

-34-26° 

-32-2° 

-3312° 

bpecihc j inversion 

rnrH.rmTi i 

\ After 

- 85-7" 

-83-42° 

-85*6° 

-77*94° 

Reduction of 

No reduction 

No reduction 

No reduction 

No reduction 

Feliling’s solution 

Solubility in water 

Slightly soluble 

Slightly soluble. 

More soluble 

Readily 

Melting point 

165°-178° 

about 0*062 
at 12° 

No sharp 

than inulin 

Decomposes at 

soluble 

Effect on ammonia- 

Reduced 

melting point 
between 

15a 163° 
Reduced 

175° 


cal silver nitrate 

Behaviour towards 

Yellow 

Yellow 

— 

— 

iodine 

Melting point of 

coloration 

205° 

coloration 

205° 



osazone after in¬ 
version 

Appearance 

White flocculent 

White flocculent 

— 

Almost white to 

powder, 

tasteless 

powder, 

tasteless 


light fawn- 
coloured 
powder with 


slightly sweet 
taste 


Attempts have repeatedly been made by the writers to isolate sucrose 
from these fractions D and E, but complete success has not yet been attained. 
There are good reasons for supposing, however, that fraction E is a mixture 
of a small proportion of D with a large proportion of sucrose, while fraction 
D, as isolated by the above treatment, contains a small quantity of sucrose. 
If it may be assumed that the whole of the dextrose found in the inverted 
samples of fractions D and E has been derived from sucrose, the following 
specific rotations would have to be attributed to the remaining components 
(Table VI, column 4). 


Table VI. 


Specific rotation 
of fraction 
calculated from 


Proportion of 
dextrose and 
laevulose in the 


Assuming the dextrose 
found to have been 
derived from suc¬ 
rose the remaining 
compounds of the 
fractions would 


Fraction 

observed rotation 

inverted fraction 

have sp. rotation 

D from autumn tubers 

Zero 

22*8 % dextrose 
77-4 % laevulose 

-50-94° 

D from spring tubers 

- 1-23° 

23*6 % dextrose 
76*4 % laevulose 

-56-37° 

E from autumn tubers 

- 2-91° 

27-9 % dextrose 
72*1 % laevulose 

-69-0° 

E from spring tubers 

-24*91° 

31*7 % dextrose 
68*3 % laevulose 

-38*3° 


29—i 
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In every case this specific rotation is more negative than that of inulin, 
probably signifying that the compounds in question are hydration products 
of inulin, possibly condensation products of laevulose with 6 or 3 laevulose 
grou])s, instead of 9 as in the case of inulin [Pringvsheim and Aronowsky, 1922J. 

The question of the ferinentability by yeast of the various carbohydrate 
fractions isolated from the tubers of the Jerusalem artichoke was investigated 
in a series of experiments the results of which are given in Table VIL 

The carbohydrates were dissolved to a concentration of 4 % in a water 
extract of maize meal, made by digesting 7 parts of maize meal with 100 cc. 
of physiological saline at 37^ for 16 hours in presence of 1 cc. of toluene per 
litre. The liquid was filtered through an ordinary filter-paper and was then 
boiled to remove any traces of toluene present^. The solutions were sterilised 
by fractional sterilisation in order to avoid the decomposition of the sugars. 
After inoculation the samples were incubated at 35"^ for 4 and 10 days respec¬ 
tively before distillation. 

The yeast used in the experiments was a pure culture distillery yeast 


fermenting well at 35"^. 

An almost complete conversion into ethyl alcohol was obtained with 
fraction D and E of both autumn and spring tubers. Fractions B and C, on 


the other hand, remained unfermented. 

Table VII. 

Carbohydrate Carbohydrate 
concentration concentration 

Yield of 
alcohol 
obtained 
calculated 

Yield 
obtained: 

of solution 

in mash 

Duration 

on carbo¬ 

percentage of 

to be 

after 

of 

hydrates 

that 

fennented 

fermentation 

fermentation 

present 

/o 

theoretically 

Fraction % 

0 / 

/o 

days 

possible 

B 4-2 

404 

10 

Traces 

— 

C 4-2 

3'85 

10 

Traces 

— 

1) autumn tubers 4-2 

0'47 

4 

42-5 

88-8 

11 spring ,, 4-2 

0‘39 

4 

43-0 

91 

F autumn tubers 4-2 

0-23 

4 

44-5 

94-0 

F spring „ 4’2 

Controls— 

0-23 

4 

44-5 

940 

Sucrose 4-2 

I^ess than 
0-04 

4 

47-0 

99-1 

Laevulose 4-2 

Less than 
003 

4 

49-5 

993 

Dextrose 4-2 

Less than 
0*03 

4 

49-5 

99-3 

The non-fermentability of the B and C fractions agrees 

well with what 


..would be expected from a carbohydrate of the nature of inulin, though it 
makes it rather difficult to explain certain earlier experiments and the fermenta- 


tion experiments of Tanret. 

Tanret in his investigations found that 75 % of the inulin present in the 
tubers used disappeared during the fermentation, and he suggested that inulin 
might at least be partly fermentable in the presence of readily fermentable 

^ The extract (after inversion) contained less than 0 2 % carbohydrates in solution. 
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compounds. A number of experiments have been carried out to determine 
how far this may be the case, and mixtaires of two or more of the fractions 
isolated from autumn-gathered artichoke tubers have been subjected to fer¬ 
mentation by yeast in the manner already described. Table VIII illustrates 
the results obtained. 


Table VIII. 





Yield of 






alcohol 

Yield of alcohol 

Carbobydraie 

Carbohydrate 


obtained 

obtained calculated on 

concnitro tion 

conc'ent ration 


calculated 

the fractions 


of mash 

of mash 

Duration 

on carbo¬ 

respectively 


b(‘fore 

after 

of 

hydrates 

A 




formonlation 

fermentation 

fermentation 

present 

B+C D 

E 

Fraction % 

O' 

/o 

days 

O/ 

/O 

o/ 

/ o /o 

O' 

/o 

B + C 4-2 

3-99 

10 

2-7 

2-7 

— 

H^Cr.D 4-2 

2-42 

10 

20 4 

2 7 38 12 

— 

B-fC + D + K 42 

1 51 

10 

3.3 0 

15-3 43 0 

44-5 

1) 4 2 

0-47 

4 

43-0 

— 43-0 

— 

E 42 

0-23 

4 

44-5 

— — 

44-5 


The fiaotions were present in the proportions in w'hich they were found in the tubers. 


It will be seen that a higher yield of alcohol was obtained in the mash where 
all four fractions were mixed than should have been obtained had the B -f C 
fraction not been attacked. It is true that the yields of alcohol from the 
fractions D and E are estimated at 43*6 % and 44-5 % respectively. Yet even 
assuming that both of these gave yields of 50 %, or the absolute maximum 
obtainable, the alcohol collected from the mixture of all four fractions would 
still be in excess of what could be obtained had the B and C fractions remained 
unattacked. 

A second series of experiments entirely confirmed these results. It must 
be assumed therefore that the B and C fractions can be converted into alcohol 
to some slight extent when present in a fermenting solution of fractions D and 
E, though hardly perhaps to the extent stated by Tanret. 

The fermentation experiments referred to above as being difficult to recon¬ 
cile with the presence in autumn tubers of the Jerusalem artichoke of large 
percentages of inulin were carried out during November 1922 with samples 
of juice yuessed from freshly-dug tubers and fermented with yeast after dilution 
and sterilisation in the cold by filtration through Chamberland filters. After 
inoculation with a yeast this cold sterilised juice was incubated at for 
6 days. A yield of alcohol was obtained equal to 47-5 % of the total carbo¬ 
hydrates present. As the percentage of carbohydrates present was found 
to be equal to that of the fresh tubers it is clear that the inulin fractions B 
and C must have been y)resent in the tubers and, therefore, must have been 
almost completely fermented under the conditions of the experiment. 

Tanret has shown, and the writers have confirmed, that a partial conversion 
of the inulin fractions into alcohol may occur when these fractions are present 
in a vigorously fermenting mixture of other carbohydrates, but this partial 
conversion is hardly sufficient to explain the ease with which practically the 
whole of the carbohydrates of the cold sterilised juice was found to be converted. 
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That bacteria, possessing inulin-inverting enzymes, had developed in the 
cold sterilised fermenting juice is out of the question, since a careful bacterio¬ 
logical analysis proved the juice to be free from all micro-organisms except 
the yeast used as inoculant. A further possibility, that the sterilisation of the 
juice had caused the B and C fractions to become inverted, does not arise in 
this connection, since no heat had been used for the purpose. 

One is almost compelled to assume, therefore, that the cold sterilised juice 
had contained inulase, which remained sufficiently active after filtration to 
convert the B and C fractions into fermentable compounds during the 6 days 
during which the juice remained incubated at 35°. 

Attempts made to confirm experimentally the assumption of the presence 
of inulase in the tubers have not met with very great success. In one experi¬ 
ment a mixture of the B and C fractions in the proportions in which they occur 
in the autumn tubers was added to juice collected from March tubers. It was 
thought that this juice would contain considerable quantities of inulase and 
would be capable of inverting the B and C fractions when allowed to act on 
them under the conditions used in the experiment with cold sterilised juice. 
After incubation at 35° for 8 days, however, in the presence of toluene to 
check the development of micro-organisms, only insignificant quantities of the 
inulin fractions had disappeared. The actual figures in this experiment were 
as follows: 90*6 % of the inulin fractions were recovered from the incubated 
test sample of spring juice containing the B and C fractions by the usual pro¬ 
cedure of isolation, as against 93*6 % from the control experiment which had 
not been incubated. A satisfactory explanation of the observations on the 
fermentability of the cold sterilised juice obtained from autumn-gathered 
tubers therefore cannot be given. 

Table IX. 

Percentages of inulin fractions (B + C) recoverable from 
mashes autoclaved for 




6 hours 

1 hour 
at 

2 hours 
at 

3 hours 
at 

5 hours 
at 

Sample 
Spring juice 4-B and 

C fractions A 

(steaming) 

20 lbs. 

20 lbs. 

20 lbs. 

20 lbs. 

in the proportions 
autumn tubers 

found m > 

99-9 

90-9 

66*8 

30 

11-4 


Table X 

Yield of alcohol calculated on the carbohydrates present 
obtainable from samples of inulin containing juice after 
heating in the autoclave at 20 lbs. for: 

6 hours 1 hour 2 hours 3 hours 6 hours 

Sample (steaming) 

Sample juice+ B and C fractions \ 

m the proportions found in [ 44-3 % 42’6 % 42-6 % 48*4 % 44-7 % 

autumn tubers ^ 

The control experiment consisting of juice from spring tubers without any inulin fraction 
added gave a yield of 47*3 % alcohol calculated on the carbohydrates present in the mash. 
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From a practical point of view tliis question is not of very great importance. 
It is of greater importance to decide whether the cooking to which the tubers 
are usually subjected before fermentation is sufficient to render their inulin 
fractions fermentable, or whether a special acid hydrolysis of the tubers is 
essential for this purpose. 

A number of experiments have been carried out to investigate this point. 
Tables IX and X contain the results obtained. 

The following figures were actually obtained when calculating the results 
of the above experiment as the percentage of carbohydrates left after the 
completion of the fermentation (Table XI). 


Table XL 


Amount of carbohydrates loft in the mash after fennonta- 
tion, and calculated as percentage of the initial 
carbohydrates present 


Sample 

Steamed 

for 

6 hours 

Cooked 

for 

1 hour 
at 20 lbs. 

Cooked 

for 

2 hours 
at 20 lbs. 

Cooked 

for 

3 hours 
at 20 lbs. 

Cooked 

for 

6 hours 
at 20 lbs. 

Spring juicp-fB and C fractions) 
added in the proportions found in >■ 
autumn tubers J 

48-7 % 

11-3 %? 

22 ^0 

C 0/ 

® /o 

6-3 % 


As a control, the spring juice without addition of the inulin fractions was fermented, and 
showed 5*7 % of the original carbohydrates remaining after fermentation. 


It will be seen that boiling the mashes at a comparatively low pressure for 
a considerable time is quite sufficient to convert the inulin fractions of the 
tubers into fermentable carbohydrates, and that an almost full yield of alcohol 
may be obtained without a preliminary acid hydrolysis of the mashes. 

Having ascertained the nature of the carbohydrates found in the tubers 
of the Jerusalem artichoke it was thought of interest to establish their relation¬ 
ship to the carbohydrates present in the actual parenchymatous tissues of the 
unripe stalks—the so-called pith. This tissue contains, on an average, 3 % of 
soluble carbohydrates which can be extracted with warm water. Subjecting 
this extract to the process used for isolating the carbohydrates of the tubers 
the following fractions were collected (Tables XII and XIII): 


Table XII. 


Fraction 


Percentage of total 
carbohydrates 


} 


with 56 % 
alcohol 
(B) 

268 


Obtained by precipitation 


with 85 % with 98 % 
alcohol alcohol 

(C) (I)) 


4-73 46-27 


with other 
and alcohol 
(E) 

23-20 
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The four fractions isolated showed the following properties. 

Table XIII. 



8pccifi<‘ 

rotation 

Fraction 

B 

Before 

inversion 

- 35-4" 

After 

inversion 

- 85-6“ 

C 

-30-7r 

-74-2r 

D 


- 59-3fF 

E 

? 

? 


Reduction 

of 

Folding’s 

solution 

Solubility 

in 


o/ 

/o 

water 

Appearance 

1-51 

Slightly 

soluble 

Snow-white light 
powder, tasteless 

2*41 

Slightly 
more soluble 
than B 

Slightly yellowish 
sandy powder, 
slightly sweet 

J2-43 

Soluble in all 
proportions 
of water 

Yellow powder, 
giving Drown 
solutions, very 
sweet 

? 

Soluble in all 
proportions 
of water 

Light yellow giim 
giving solutions 
of the same colour, 
very sweet 


It will be seen that not only are the substances isolated from the pith 
substantially the same as those isolated from the tubers, but they also a])pear 
to occur in the pith in about the same luoportions as in the tubers. 

All fractions isolated from the pith were tested in the same way as those 
isolated from the tubers and were found to behave similarly. 


Summary. 

It has been showui that the autumn-gathenyl tubers and the uoripe pith 
of the Jerusalem artichoke contain considerable proportions of an insoluble 
non-fermentable carbohydrate, apparently identical with inulin. 

This carbohydrate disappears almost completely from the tubers towards 
spring and gives way to increased proportions of the more soluble carbo- 
hydrates wdiich are already present in the autumn tubers. In addition there 
would appear to occur tow'ards s})ring an increase in the dextrorotatory 
compounds of the tubers. Part of these at least is believed to be sucrose. 

Though inulin by itself is unfermentable by yeast the experiments quoted 
in this report would appear to show that a comparatively mild autoclaving 
is sufficient to render it fermentable without the use of acid hydrolysis. 

The observation of Tanret that inulin may be fermented by yeast when 
present in a solution of already fermenting carbohydrates has been confirmed, 
though not to the extent claimed by him. 


The above experiments were carried out on behalf of the Fuel Research 
Board of the Department of Scientific and Industrial Research at the Bacterio¬ 
logical Laboratory of the Royal Naval Cordite Factory, Holton Heath. The 
authors desire to express their thanks to the Department of Scientific and 
Industrial Research and to the Admiralty for permission to publish the results 
obtained. 
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LIII. THE ACTIVATION OF CERTAIN OXIDASE 
PREPARATIONS. 

By CAECILIA ELISABETH MARY PUGH. 

From the Department of Physiology, The University of Manchester. 

[Received May 1st, 1929.) 

PART 1. ACTIVATION BY PEROXIDASES. 

]. Lactarjus fungi. 

Several instances have been noted in the past of the activation by one means 
or another of a preparation containing some oxidising enzyme. The best-known 
instance is that described by Bach and Chodat [1902; 1903, 1, 2J of the activa¬ 
tion of the oxidase of the fungus Lactarius vellereus by peroxidases. The oxidase 
was obtained by precipitation of the juice of the fungus with three volumes 
of alcohol. By repeated precipitation of this oxidase m 40 % alcohol, it was 
separated into two fractions, neither of which showed much oxidising power 
apart from the other. The one fraction, insoluble in 40 % alcohol, was very 
strongly activated by peroxidases, and especially by the other fraction of the 
oxidase, which was soluble in 40 % alcohol. These authors concluded from 
their observations that the complete oxidase consisted of two enzymes, (1) an 
“oxygenase"’ able to give rise in air to a peroxide utilisable by peroxidase, 
and (2) peroxidase. On this basis they developed their well-known theory of 
the constitution of the “direct” oxidases. 

In their quantitative experiments, Bach and Chodat used pyrogallol as 
substrate and measured the activity of their preparations by noting the oxygen 
absorbed. The experiments were carried out without control of hydrogen ion 
concentration, and no allowance was made for the autoxidation of pyrogallol. 
Because of this and the advances in our knowledge of oxidases which have 
taken place since Bach and Chodat published these experiments, certain 
possibilities arise which must be considered before the explanation given by 
them can be accepted. 

(1) A change in hydrogen ion concentration by addition of peroxidase 
preparations with a different from that of the pyrogallol-oxygenase solution 
might of itself cause an increased activity of the oxidase in Lactarius, 

(2) Hydrogen peroxide might be prodllced by the action of an enzyme on 

pyrogallol, the hydrogen peroxide being normally broken down by catalase, 
but utilisable instead by peroxidase for oxidation of pyrogallol with consequent 
increase in oxygen absorption. * 

(3) There might be oxidation by the action of peroxidase and peroxide of 
substances in the Lactarius preparation which intdbit the enzyme acting on 
pyrogallol, the peroxide being either (a) hydrogen peroxide produced by the 
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action of the enzyme, or (6) a peroxide utilisable by peroxidase and produced 
by autoxidation of some substance ini. vellereus. The possibility of this explana¬ 
tion is based on observations by Bach [1909], who found by estimation of 
unchanged tyrosine that the action of tyrosinase from Russula delica on tyro¬ 
sine was retarded by peroxidase, even, to some extent, in presence of hydrogen 
peroxide, although the same end-point was approached. He found, however, 
that if the tyrosinase preparation were old, then peroxidase with hydrogen 
peroxide caused initial activation. Bach concluded that substances inhibitory to 
the action of tyrosinase were produced gradually in the preparation on keeping, 
these substances being oxidisable by peroxidase with hydrogen peroxide. 

(4) The presence in peroxidase preparations of something other than per¬ 
oxidase itself might be responsible for the increased oxygen absorption. A 
co-enzyme might facilitate the action of a Lactarius enzyme on pyrogallol, and 
if such co-enzyme were deficient in the Lactarius preparations but present in 
the peroxidase preparation added, activation would be produced which would 
not be due to peroxidase itself. 

(5) With regard to the use of pyrogallol as substrate, Bach and Sbarsky 
[1911] desciibed the formation from pyrogallol of two types of oxidation pro¬ 
duct, insoluble piirpurogallin, and soluble brownish substances which they 
believed to be condensation products of piirpurogallin. The possibility was 
therefore to be considered of the directing by peroxidase preparations of the 
oxidation of pyrogallol in such a way as to increase the amount of oxygen 
absorbed. 

(6) Finally, the ‘"oxygenase” of Bach and Chodat might be interpreted 
as an autoxidisable substance rather than as an enzyme, and without being 
necessarily a constituent of all oxidases. That oxygenase” was such an 
autoxidisable substance was the conclusion reached by Gallagher [1923] in 
his investigation of })otato “oxygenase.” 

The phenomenon described by Bach and Chodat [1903, 2] has therefore 
been more fully investigated with regard to these various points. 

Enzymes concerned, 

Lactarius vellereus not being available, other Lactarius fungi were used in 
this investigation, namely, L, blennlus, L, quietus, L, rufus, and L. tur'pis'^. 
The action of appropriate preparations from these fungi on pyrogallol was 
found to be activated by peroxidase from horseradish, in the manner described 
by Bach and Chodat for the oxidase of L. vellereus, but effective peroxidase 
preparations from these juices were not readily obtained. 

These fungi all contained, as likewise described by Chodat [1910] for 
L. vellereus, both tyrosinase and laccase, but in varying proportions. Guaiacol 
affords a convenient test for laccase, as it is not oxidised by tyrosinase. Quinol, 
also, is relatively slowly attacked by tyrosinase. L, turpis juice caused much 
less rapid coloration of buffered guaiacol and quinol solutions than of tyrosine 

^ I am indebted to Dr J. Ramsbottom for kind aesistance in identifying some of tbe fungi. 
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and ^-cresol, wherean L. blennius, L. quietus, and L. rufns juices all acted very 
rapidly on ^uaiacol and quinol relatively to their action on tyrosine and 
p-cresoL The tyrosinase in these juices could be freed from laccase by alcohol 
precipitation. A preparation obtained from L. hlennius juice by two pre¬ 
cipitations in 40 % alcohol was found to behave towards phenols as does crude 
tyrosinase from mealworms, having no action on giiaiacol with or wdthout 
addition of hydrogen peroxide. A similar jueparation was obtained from 
L, turf is by 40 % alcohol, and from L. rvfus in the fraction from 65-80 % 
alcohol. Tyrosinase appears to be less definitely separated from the juices by 
alcohol precipitation than is laccase. Fractions obtained from 40-60 % alcohol 
acted strongly on guaiacol, but were not free from tyrosinase. The two enzymes 
appear to possess differing susceptibilities to cyanide. The action of L. quietus 
juice on tyrosine was found to be 95% inhibited by M/500 KCN, that of 
L. rufus juice 97 %; whereas Wieland and Sutter fl928J stated that the action 
on quinol of the enzyme from L. velJereus investigated by them was only 67 % 
inhibited by M/500 KCN. 

After being heated to 90*^ for 20 minutes none of the Lactarhis juices used 
in the present investigation had any appreciable action on either tyrosine or 
guaiacol; the thermostable catalyst described by Wieland and Fischer [1926] 
was therefore not present in any appreciable quantity in any of them. The 
40 % alcoholic precipitates all contained some tyrosinase and catalase, and 
some contained laccase. The “peroxidase*’ fractions of the fungi prepared as 
described below all contained tyrosinase, and some contained laccase; the 
guaiacol-hydrogen peroxide test for peroxidase was })Ositive only with L. 
hlennius and L, turpis “peroxidase.” 

Experimental procedure. 

Juices of L. hlennius, L. quietus, and L, turpis were kept in the ice-chest 
at a slightly alkaline reaction, and acidified before precipitation to imitate as 
nearly as possible the reaction of the fresh juices. Some L, rufus juice was pre- 
ci})itated fresh, and the remainder was kept in the same way as the other 
juices. “Oxygenase” fractions were obtained by addition of alcohol to the 
extent of 40 %, the precipitate being centrifuged, dissolved in slightly alkaline 
water (residue discarded), acidified, and reprecipitated in 40 % alcohol, as 
many times as possible with the material available. The first 40 % alcoholic 
liquid after removal of the precipitate was concentrated in vacuo, then alcohol 
was added to bring it to 65 %, the precipitate centrifuged, and alcohol added 
to the liquid to bring it to 85 %; this last precipitate was dissolved in water 
and reprecipitated between the limits about 65-85 % alcohol, as many times 
as possible, the final solution constituting the ^'Lactarhis peroxidase” fraction. 
Peroxidase from horseradish was prepared by the method described by Bach 
and Chodat [1903, 1], and, unless otherwise stated, such a preparation is what 
is meant by the term peroxidase. 

The action of “oxygenase” fractions on pyrogallol, and the effect thereon 
of addition of peroxidases, was investigated by the use of microrespirometers 
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to measure the rate of oxygen absorption. Throughout the experiments the 
respirometers were shaken in a water-bath at room temperature, in which they 
wert‘ equilibrated for at least five minutes before the shutting of the taj)s. 
Corresponding experiments were shaken side by side, and in such experiments 
identical buffer solution was used. The following mixtures were placed in the 
bottles. 

Resj)irometer /. Left: 1 cc. 1*2% pyrogailol in phosphate Imffer G-0; 
0-5 cc. “oxygtmasefraction; buffer to 3 cc. Right: 0-5 cc. '‘oxygenase” frac¬ 
tion; buffer to 3 cc. Respirometer IL Left: 1 cc. 1-2 pyrogailol; 0*5 cc. 
'‘oxygenase” fraction; 0-5 cc. j»eroxidase from hoi’seradisli or Lactariiis; buffer 
to 3 cc. Right: 0-5 cc. “oxygenase ’ fraction; 0-5 cc. p(Toxidase; buffer to 
3 cc. Respirometer 11L Left: 1 cc. 1*2% pyrogailol; buffer to 3 cc. Right: 
3 cc. buffer. Respiromctei IV. Left: 1 cc. 1*2 % ])yrogallol; 0*5 cc. peroxidase; 
buflVr to 3 cc. Right: 0*5 cc. ])eroxidase; buffer to 3 cc. To each mixture a little 
phenylurethane or thymol was added as antisejffic, and in the small tube of 
each bottle was ])laced excess of strong potash to absorb carbon dioxide. The 
use of pyrogailol solutions stronger than 1*2 % (2*5 and 5 %) did not increase 
the rate of oxygen absorption. 

Any departures from the above arrangements are mentioned in the text. 
In calculation of the activation of the “oxygenase” fraction by peroxidases, 
allowance was made for the effect of the peroxidase [Reparation used on the 
autoxidatioii of j)yrogallol, as follows: 


activation ratio 


(\> absorbed in II - (>2 absorbed in 1 
(U absorb(‘d m 1 -- (U abRorb('d in TIL ’ 


Ratios above unity indicate activation and below unity inhibition. 

ConfroL The presence of substrate was necessary for the phenomenon of 
activation to occur. Using L. cp/iefus “oxygenase” fraction, in absence of 
pyrogailol, Respirometer 1 absorbed over the week-end 19*8 mm.^ 0.,, 
II 25*7 mm.^ O.^, IV G*4 mm.^ O.^. 


Experimental resvlts. 

Using “oxygrmase” fractions from the fungi named, and j)eroxidase (a) 
from horseradish, (6) from the fungus itself, the following results were obtained: 



No. of 

Duration 


inm.''‘ (>2 

absorbed in 



precipitations 

of 


n'spirometers 




in 40 % 

experiment 

r ' 

- 

--— 


Activation 

Fungus 

alcohol 

in hours 

I 

11 

111 

IV 

ratio 



(a) Horseiadisli peroxidase 




L. blennius 

2 

0 

32G 

42-5 

19 

15 

2‘02 

L. quietus (1) 

4 

C) 

101 

288 

18-5 

11-7 

3-33 

» (iJ) 

4 

1 

313 

35G 

10-5 

8-7 

M5 



3 

533 

GG7 

21 

15 

1-27 



G 

783 

1110 

29 

22-5 

]'44 

L. rufus 

3 

G 

371 

401 

30 

23 

Ml 

L. turpis 

2 

6 

55 

58 

38 

33 

1-47 



{h) Fungus peroxidase 




L. bhnnius 

2 

G 

32-6 

40-7 

19 

27-3 

1-65 

L. quietus 

4 

G 

101 

lllo 

18-5 

29 

1 

L. rufus 

1 

G 

384 

454 

30 

113 

0-96 

L. turpis 

1 

4 

44 

292 

28 

268 

1-50 
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In no instances were activations observed as great as those described by 
Bach and Chodat. This may be due to the phenomenon being better shown by 
L, vellercMS than by the varieties of Lactarius used in the above experiments. 

Most of the horseradish peroxidase preparations were found to retard the 
autoxidation of pyrogallol, and either to retard the action of the “oxygenase” 
fraction of Lactarius juices on pyrogallol in its early stages, or to produce less 
activation at the beginning of the experiment than later: figures quoted for 
L, quietus (2) in the first table show this increase in activation ratio with time. 
The following experiments, in which diluted, unprecipitated juice was used 
in place of “oxygenase ” fraction, and the pjj buffered at 6-5, also show increase 
in activation with time. 


Duration of 

mm,® 

Og absorbed in 

respirometers 


exporimont 

c 

A 


-N 

Activation 

Fungus in hours 

I 

n 

111 

IV 

ratio 

L, rufus i 

13 

10 

5 

3 

0*87 

1 

20 

21 

9 

7 

1‘27 

2 

35 

40 

15 

12 

1-40 

4 

. 64 

83 

25 

20 

1*62 

10 

154 

224 

45 

40 

1-69 

L. quieius 1 

120 

99 

9 

11 

0 79 

2 

206 

199 

15 

17 

0 95 

3 

287 

297 

20 

23 

1-02 

6 

475 

551 

33 

37 

116 

10 

629 

794 

45 

53 

1-27 


The various points raised in connection with the observed activation 
phenomenon will now be considered in turn, and experiments bearing on them 
described. 

(1) Possibility of change in hydrogen ion concentration. Since the solutions 
were buffered, this effect is minimised. Some of the horseradish peroxidase 
preparations, which consisted of alcoholic precipitates dried in vacuo and dis¬ 
solved in distilled water, were found to be acid, and the buffering was not able 
to prevent slight decrease in pj^ on addition of such peroxidases. Since Wieland 
and Sutter [1928] found the optimum for the action of the enzyme from 
L. vellereus investigated by them to be 4*6, using quinol as substrate, a decrease 
in might of itself activate the Lactarius oxidase. The effect of change in pj^ 
on the oxygen uptake accompanying the action of L. rufus juice on pyrogallol 
was therefore examined. 

Duration of mm.® 0^ absorbed in respirometers 
experiment f ----^ 


Vn 

in hours 

I 

III 

Mil 

60 

8 

74 

27 

47 

6*5 

8 

142 

34 

108 

7-0 

8 

279 

242 

37 


It is shown in the middle column that decrease in p^ did not increase the 
oxygen taken up by the autoxidation of pyrogallol, and in the last column 
that, when allowance was made for the autoxidation of pyrogallol, decrease in 
Pjj from 6*5 did not increase the oxygen taken up by the action of enzymes in 
the juice on pyrogallol. Hence, change in hydrogen ion concentration from 
a higher to a lower p^ cannot explain the phenomenon of activation. 
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(2) Possibility of hydrogen peroxAde production by the action of an enzyme 
or enzymes in Lactarius preparations on pyrogallol. Some catalase was present 
in all Lactarius preparations, so that if hydrogen peroxide were produced and 
normally broken down by catalase, but on addition of peroxidase utilised for 
oxidation instead, then there would be an increase in oxygen absorption. This 
increase, however, would depend on the rate of production of hydrogen per¬ 
oxide, and in no way could exceed a doubling of the rate. Higher rates than 
this are here recorded, and the activations observed by Bach and Chodat were 
even greater. Hydrogen peroxide production in this way, therefore, cannot 
provide a complete explanation of the phenomenon. The possibility is not 
precluded that it does take place, and in conjunction with (3), the oxidation 
of inhibitory substances in Lactarius might explain the phenomena. 

The work of Wieland and Sutter [1928] furnishes no evidence of the pro¬ 
duction of hydrogen peroxide by enzymes in Z. vellereus other than the thermo¬ 
stable catalyst described by Wieland and Fischer [1926]. The former investi¬ 
gators failed to detect any hydrogen peroxide production by their enzyme 
preparation from Z. vellereus (apparently a laccase) under conditions in which 
its production by the Wieland and Fischer catalyst was readily demonstrated. 

(3) Possibility of oxidatio7i of inhibitory substances. Since the activation 
ratio increased with time, it seems probable that inhibitory substances either 
in the Lactarius or in the peroxidase preparations added were being oxidised 
on addition of peroxidase. In this connection the work of Szent-Gy5rgyi [1928] 
on an inhibitory hexiironic acid oxidisable by hydrogen peroxide in presence 
of peroxidase and a phenol is of interest. 

A consideration against the presence of inhibitory substances in the Lac¬ 
tarius preparations is the control experiment described earlier in this paper, 
which shows that there cannot be present both inhibitory substances oxidisable 
by peroxidase and peroxide, and substances autoxidisable with production of 
peroxide. If present along with such autoxidisable substances, they would in 
any event be oxidised even without addition of peroxidase, by means of 
peroxidase in the juices. If, however, hydrogen peroxide were derived from 
the action of an enzyme on pyrogallol, the presence of inhibitory substances 
in the Lactarius preparations, oxidisable by peroxidase -f peroxide, might 
explain the phenomena, since then much greater activation than a doubling 
in the rate would be possible. They cannot be of the type described by Bach 
[1909], since, on keeping the Lactarius juices under slightly alkaline conditions, 
their activation by peroxidase did not increase, but eventually disappeared 
before either tyrosinase or laccase had lost all their activity, tyrosinase being 
most persistent. 

(4) Possibility of effect not being du£ to peroxidase itself. The activation by 
peroxidase of the action on pyrogallol here discussed appears to be of an 
entirely different type from the activation of the action of tyrosinase on a 
mdnohydric phenol by boiled tyrosinase preparations, or by o-dihydric phenols, 
discussed later in this paper. 
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In some qualitative experiments on the liberation of iodine from potassium 
iodide and the blueing of guaiacum by ‘'oxygenase’’ with peroxidase, Bach 
and Chodat [1902] record a control with boiled peroxidase preparation, which 
did not cause activation. In the present ’work it was shown that the pheno¬ 
menon under investigation was likewise not brought about by boiled per¬ 
oxidase preparation, since, when peroxidase which had been boiled for some 
time to destroy its activity was used, no activation of the action of L. rufus 
juice was observed. 

Duration 

of mm.*'* (>2 absorbed in respirometors 

experiment , -—--^-^ Activation 

m houis pji 1 11 III IV' ratio 

9 6-5 132 139 37 40 0 98 

Use of an amino-acid, glycine, in place of peroxidase preparation did not cause 
activation of the action of the juice. (Amino-acicLs are^ not oxidised by the 
oxidation products of pyrogallol jiroduced by mealworm tyrosinase. Respiro- 
ftieter. Left: 1 cc. 0*2 % pyrogallol in phosphate buffer, 6*0; 1 cc. 0*45 % 
glycine in buffer; 0*5 cc. mealworm preparation; buffer to 3 cc. Right: 1 cc. 
0*2 % pyrogallol; 0*5 cc. mealworm preparation; buffer to 3 cc. No change in 
levels occurred. Tyrosine in place of pyrogallol yielded a similar result, as also 
did quinol.) 

L, rvfus juice which had been dialysed to remove any hypothetical dia- 
lysable co-enzyme was not more activated by peroxidase than juice wdjich had 
not been dialysed. 


Description 

of 


Duration 

of 

experiment 

mm.^ Oo absorbed in 

/-"— 

respirometors 

Activation 

preparation 


in hours 

1 II 

III IV ' 

ratio 

Uiidialysed 

0 5 

8 

134 183 

20 43 

1-23 

Dialysed 

0-5 

8 

47 65 

29 44 

M7 


There was, therefore, no dialysable co-enzyme in the juice, which was supplied 
by the peroxidase preparations. 

(5) Possihiliiy of change in nature of oxidation products. Unless excess sub¬ 
strate be present, the rate of action cannot be assumed to be a measure of the 
activity of the enzyme. When dilute (0*2 %) pyrogallol solutions were used 
no difference in rates was detectable with or without addition of peroxidase. 
The oxygen absorption, however, with or without addition of peroxidase, 
exceeded in a few hours the total oxygen absorption produced by the action 
of another enzyme preparation, tyrosinase from mealworms, on the quantity 
of pyrogallol used. 

Required for 1 cc. 0*2 % pyrogallol: 

calculated value for the production of puxpurogallin. 266 mm.® Og 

by action of tyrosinase from mealworms; final figure. 311 ,, 

,, L, quietus “oxygenase” fraction; 1 day . 448 ,, 

,, „ ,, „ -f peroxidase; 1 day 398 ,, 
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Since the excessive oxygen absorption took place with or without addition of 
peroxidase, however, it cannot account for the phenomenon of activation^. 

When 2 cc. saturated tyrosine in phosphate buffer 6-0 was used as sub¬ 
strate in place of pyrogallol, activation by peroxidase was still observed, show¬ 
ing that the phenomenon of activation did not depend on choice of substrate. 



No. of 

Duration 

inm.^ Og absorbed in 



precipitations 

of 

respirometers 



in 40 

experiment 

^ -A-^ 

Activation 

Fungus 

alcohol 

in hours 

I 

11 

ratio 

L. quieh 

ifi 4 

1 

279 

267 

0-96 


4 

403 

498 

1-24 


Wieland and Sutter [1928], using quinol substrate, tested the action of 
]:)eroxidase from horseradish on the oxidase preparation obtained by them from 
L. vellereus. The duration of their experiment was 30 min. They found that 
4-9r) cc. 0*2 were absorbed vdthout, and 5-(>0 cc. O 2 with, addition of ])eroxidase. 
These figures they considered scarcely to exceed their experimental error. 

(G) PoHsibil'ity of the presence of nutoxidisable substance in Lactarius. This 
appears to be the most likely explanation of the phenomena observed by Bach 
and Chodat. 

Juices which had been exposed to air were, when afterwards tested on 
jiyrogaJlol, more readily activated by peroxidase than juices which had been 
kept in vacuo, the initial retardation on addition of peroxidase being counter¬ 
balanced sooner by the activating action. The following experiments were 
carried out with L. quietus juice. One sample of juice was exposed to air for 
about one day while another sample stood in an evacuated desiccator. The 
activation by peroxidase of the action of each sample on pyrogallol was then 
determined. 1 cc. was used of a peroxidase preparation which had initially a 
slightly retarding action, and it was only after a number of hours—given in 
column A of the following table—that the oxygen absorption with peroxidase 
became equal to that without peroxidase, the oxygen absorption at which this 
occurred being given in mm.® in column B. Beyond this point activation set 
in. It is seen that activation set in more readily when the fungus juice had 
previously been exposed to air than when it had been in vacuo, A 1 and B 1 
denote the results obtained with a sample previously exposed to air, and A 2 
and B 2 the corresponding results with a sample previously kept in vacua. 
The whole experiment was repeated three times. 



A 1 

B 1 

A2 

B 2 

Experiment 

hrs. 

mm.^ 

hrs. 

mm. 

1 


288 

H 

507 

2 

2 

200 

4 

300 

3 

6 

209 

Hi 

331 


A similar effect was observed wdth the X. rufus ‘hxygenase” fraction. The 
initial retardation on addition of peroxidase was less when the ‘"oxygenase” 
preparation had stood for one day than when it was tested immediately after 

^ It appeared to be due to the oxidation of pyrogallol by Laciarius giving rise to products 
different from those produced by the oxidation of pyrogallol by tyrosinase from mealworms. 

Biochem. 1929 xxni 30 
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preparation. It was usually observed also that the initial retardation was 
slightly greater when 1 cc. peroxidase was used (II b) in place of 0-6 cc. (II a). 

Description of Duration of mm.® absorbed in respirometers 
‘oxygenase” experiment 


fraction 

in hours 

I 

IT a 

II b 

Fresh 

1 

92 

75 

— 


2 

162 

162 

— 

One day old 

1 

97 

91 

89 

2 

163 

168 

162 


These results are consistent with the presence in the juices of a substance 
which on autoxidation produces a peroxide, and consequently increases the 
action on pyrogallol when peroxidase is added. There appear also to be in¬ 
hibitory substances in the peroxidase preparations, which cause initial 
retardation, and are oxidised away by peroxide with peroxidase. 

It follows from the consideration of the experiments so far described that 
the most likely alternative explanation to the presence of an autoxidisable 
substance in Lactarius juices is the production of hydrogen peroxide by the 
action on pyrogallol of an enzyme in Lactarius precipitated by 40 % alcohol, 
and the oxidation by peroxidase and this hydrogen peroxide of a further 
amount of pyrogallol, and also of inhibitory substances in Lactarius juices. If 
this had been the complete explanation, then previous exposure to air of the 
juices would have been expected to have either no influence on the effect of 
addition of peroxidase, or, if the inhibitory substances became oxidised in air, 
to diminish rather than accentuate the observed effect on addition of peroxidase. 
Since accentuation was observed, the effect was probably due to the alternative 
explanation, namely, the presence of autoxidisable substance. Although this 
is evidence of the presence of autoxidisable substance, the production of 
hydrogen peroxide by the action of an enzyme is not excluded as a partial 
explanation of the phenomenon. 

Further support of the above view was obtained. If by any means the 
oxidising activity of the juicea could be diminished without a corresponding 
diminution in the degree of activation by peroxidase, then the activation would 
appear to be a phenomenon not entirely dependent on the action of the enzyme 
which oxidises pyrogallol. Cyanide was found to affect the action of the enzyme 
in the juice on pyrogallol much more than it did the process responsible for 
activation, thus causing a relatively large increase in activation. 

Exp. 1. A sample of i, quietus juice was tested without cyanide, using 1 cc. 
peroxidase, and working at 6*5. 


Duration of 
experiment 
in hours 


mm.® Og absorbed in reapirometers 

A 


Activation 

ratio 

r~ 

n 

in 

IV 

7 

670 

766 

36 

29 

M6 

7 

158 

336 

— 

— 

2-16 


Exp. 1 
Exp. 2 

Exj). 2. 0-5 cc. 3ilif/250 neutralised KCN in buffer 6*5 was added to each 
bottle of each respirometer, bringing the cyanide concentration to M/SOO, and 
using otherwise the same materials as in Exp. 1. No alteration in of the 
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liquids during the experiment was detectable. M/500 KCN practically stopped 
the autoxidation of pyrogallol. 

Retardation by cyanide of the action of the juice on pyrogallol was as 
follows : 

mm.3 abHorbod in 
] )\iration of rospirorneiers 

experiment ---—. I’orcentago 

in hours Without KCN i)//500 KCN retardation 
0 (VM U2 79 

The phenomenon of activation disappeared when the juice had been heated. 


L. quietus juice, wliich had been heated at 90^^ for half 

an 

hour, gave the 

following results: 

Duration of 
Treatment experiment 


mm.3 (>2 absorbed in respirometers 


—, Activation 

of juice 

in hours 

i 

11 111 

IV 

ratio 

Healed 

7 

64 

Activation 

50 29 

29 

000 

1'nhoated 

6 

634 

Activity of juice alone 



H eated 

f) 

55 

25 

.— 

— 


The loss of activity of the juice itself on heating was 95 %. 

DiSCUSvSION. 

Tlie investigation which has been carried out shows that the phenomenon 
discovered by Bach and Cliodat [1903, 2] of the activation by peroxidase of 
the action on pyrogallol of Lactarius vellereus oxidase takes place when certain 
other Lactarius fungi are used. In recent years it has been considered likely 
that the explanation of the observations which led Bach and Chodat to the 
formulation of their theory of the constitution of ‘‘direct” oxidases was the 
presence of substances autoxidisable to peroxides. This explanation has been 
found to be applicable in the present instance. There are in tlie fungi, in all 
probability, substances autoxidisable to })eroxides utilisable by peroxidase; 
the addition of peroxidase therefore causes oxidation of further pyrogallol, an 
effect which is enhanced by removing peroxidase already present in the juices 
by fractional precipitation with alcohol. It is y)ossible that, besides this, one 
of the oxidases in the juice may produce hydrogen peroxide when acting on 
pyrogallol, and may therefore be able to form with peroxidase a system analo¬ 
gous to that discovered in milk by Thurlow [1925], thus providing a partial 
explanation of the phenomenon of activation by peroxidase. As already 
pointed out, no thermolabile oxidase in Lactarius has been shown to have this 
function, but it is possible that one may be present able to act in this way, 
and it is intended to investigate the matter when further material is available. 
The presence of autoxidisable substance precludes the co-existence in Lactarius 
juices of inhibitory substances oxidisable by peroxidase and peroxide, without 
which the production of hydrogen peroxide by the action of an enzyme on 
pyrogallol cannot furnish a complete explanation. The increase in activation 
ratio with time is probably due to the presence of such inhibitory substances 
in peroxidase prepared by the method used. The presence of these inhibitory 
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substances may account for the difierence in activating power of peroxidases 
from different sources observed by Bach and Chodat. 

Evidence was not obtained that the oxidases in Lactarius juices are sepa¬ 
rable solely into enzyme-like peroxide and peroxidase, the original view of 
Bach and Chodat [1903, 2]. A 60’ 80% alcohol precipitate from L, turpis 
juice, which was allowed to stand in the ice-chest in contact with 80 % alcohol 
for 10 days, lost its activity on tyrosine and on giiaiacol, although acting 
slightly on guaiacol after addition of hydrogen peroxide. Since neither the 
“oxygenase’' nor peroxidase" fraction of L. t)ellereus oxidase obtained by 
Bach and Chodat had much oxidising power apart from each other, it seems 
possible that by repeated alcoholic precipitation Bach and Chodat largely 
destroyed tyrosinase and laccase in both fractions, and separated from one 
another autoxidisable substance and peroxidase. The view that tyrosinase and 
laccase are separable into peroxidase and autoxidisable substance does not 
appear tenable. It seems necessary at present to regard tyrosinase, laccase, 
and peroxidase with autoxidisable substance as se{)arate distinct systems. 

2. Other oxidavSE preparations. 

A. Potatoes. Potatoes were minced and pressed, and the juice was centri¬ 
fuged; the liquid was precipitated once in 40 % alcohol and the precipitate 
dissolved as described for Lactarius juices. The potato preparations contained 
tyrosinase, laccase, and catalase. The action of such potato pre]>arations on 
pyrogallol at pjj G-5 was not activated by peroxidase, neither was new potato 
juice unprecipitated by alcohol activated by peroxidase. 



Duration of 


mm.^ O 2 absorbed in respirometers 



Source of 

experiment 

r 

. , , A „ 

— 

— 

Activation 

preparation 

in hours 

I 

11 

Ill 

IV 

ratio 

Old potatoes 

11 

1H8 

lei 

31 

4t) 

107 

Old potatoes 

8 

132 

131 

22 

54 

0-7() 

New potatoes 

11 

112 

102 

31 

76 

0-32 


These results are unexpected in view of the work of Gallagher [1923] on 
an autoxidisable substance in potatoes. The peroxidase preparations were 
all neutral ; the presence in them of true inhibitory substances is therefore 
probable. Dialysis of the potato preparations did not result in activation by 


peroxidase. 








Duration of 


mm.^ O 2 absorbed 

in respirometers 



Source of 

experiment 

r ' 

_A, 


-^ 

Activation 

preparation 

in hours 

I 

11 

Ill 

IV 

ratio 

Old potatoes 

11 

101 

68 

31 

46 

0-31 

New potatoes 

11 

137 

134 

31 

76 

0-55 


B, Mealworms. Owing to the absence of laccase, a preparation from meal¬ 
worms affords convenient material for investigation of the action of peroxidase 
on the activity of tyrosinase. The preparation contains much catalase, but 
appears to contain no peroxidase, since it does not act on guaiacol even after 
addition of hydrogen peroxide, under which conditions a trace of added per¬ 
oxidase causes immediate coloration of guaiacol. Using the mealworm pre¬ 
paration, prepared according to Raper [1926], filtered, the results (1) were 
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obtained; dialysed and centrifuged, the results (2). A similar preparation 
several months old, filtered, was activated (2). The results (4) were obtained 
by using 2 cc. saturated tyrosine in buffer as substrate in })Iace of pyrogallol, 
with the mealworm preparation used in (1). The was 6*5, and all jauoxidase 
preparations were neutral. 


Description 

of 

Duration of 
expei'inii'iit 

mm.-^ Oj absorbed in 

res])irometers 

Activation 

experiment 

in hours 

1 11 

III IV 

r.'? t io 

(1) 

10 

:u4 2Hr> 

23 26 

0-89 

{'^) 

7 

378 319 

31 28 

O-So 

(:b 

10 

55 99 

23 26 

2-28 

(4) 

8 

210 143 

— 

0-68 


Thus, only the old preparation was activated by ])eroxidase. This supports 
the observations made on Lactariuii preparations, which indicate that the 
presence of tyrosinase in the ‘'oxygenase'’ fractions was not res})onsible for 
the activation phenomenon. Since the peroxidase preparations even when 
neutral had an inhibitory action, the presence in them of inhilutory substances 
is probable. 

The obs(Tvation recorded by Bach [1909], of the action of peroxidase on 
tyrosinase, was confirmed qualitatively, using a preparation from mealworms 
obtained by preliminary extraction with GO- 80 % saturated ammonium sul¬ 
phate, followed by extraction with alkaline water. The darkening of tyrosine 
by tyrosinase was initially impeded by peroxidase, in presence or absence of 
hydrogen peroxide, but more in its absence. After one day, all four mixtures 
were equally dark. 

PART IT ACTIVATION OF TYROSINASE. 

]. Activation by o-dihydrtc phenols. 

It was shown by Raper [192G] that the oxidation of tyrosine by tyrosinase 
from mealworms was initially activated by ?> : 4-(lihydroxyphenylalanine. 
During the course of the present research, the oxygen absorption accom¬ 
panying the action of tyrosinase on tyrosine w^as measured^ It was found that 
the absorption did not start at once, but gradually increased to a constant 
rate, indicating that the reaction is aiitocatalytic. This is in agreement with 
the “catechol” theory of Onslow [1923], as pointed out by McCance [1925]. 
The addition of dihydroxyphenylalanine or of catechol caused activation by 
eliminating the initial lag. That this is the interpretation of the phenomenon 
appears from a recalculation of Raper's figures as rates. 


Times (minutes) 

0 

65 

125 205 

Tyrosine 

oxidised 

per 20 cc. 

Without dihydroxyphenylalanine 

0 

M5 

2-44 3*54 

With dihydroxyphenylaianine 

0 

1*49 

2-54 3*47 

Whence, rates per 5 minutes— 
Without dihydroxyphenylaianine 

0*088 

0107 

0*07 — 

With dihydroxyphenylaianine 

0*114 

009 

0-(M> — 


The enzyme used by Raper had not been dialysed. 

^ It amounts to a little over five atoms per molecule of tyrosine; the action on dihydroxy* 
phenylalanine is accompanied by an absorption of a little over four atoms per molecule. 
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In the present experiments^ the following mixtures were placed in respiro¬ 
meters. I. Left: 0-4 mg. tyrosine; 0*5 cc. tyrosinase from mealworms; buffer 
to 3 cc. Right: 0‘5 cc, tyrosinase; buffer to 3 cc. IT. Left: 0-4 mg. tja^osine; 
0-5 cc. tyrosinase; 0-06 mg. catechol; buffer to 3 cc. Right: 0*5 cc. tyrosinase; 
0-06 mg. catechol; buffer to 3 cc. The pjj was 6*0. The oxygen absorbed in 
mxn.^ was as follows: 

llatPB per 20 min. 

I 2; 12; 14; 11; 9; 7; 5. 

11 0; 0; 0; 1; 1; 7; 6. 

1 cc. saturated tyrosine in buffer was then used as substrate and Od mg. 
dibydroxyphenylalanine as activator, 7-0; 

Hates per 15 min. 

I 0; 5; 20; 27; 22; 23; 17; 13. 

II 25; 20; 20; 21; 15; 13; 10; 6. 

T\ieTe was no initial lag when, in place ol tytosine, dibydroxyphenylalamne 
was used as substrate. Using 1 mg. dibydroxyphenylalanine at 6*0; 

Ratos per 7 min. 

1 12; 10; 9; 8; 8. 

The enzyme used in the above experiments had been dialysed. 

Undiluted tyrosinase preparation acted too rapidly on y-cresol for the 
initial lag to be obvious, but on dilution of tlie enzyme it became apparent. 
Using 2 mg. ^-cresol as substrate, and 0-06 mg. catechol as activator, at 
Pii 7-0: 

Rates per 10 min. 

I 3; 9; 10; 13; 13: 12; 11. 

II 10; 13; 12; 12; 12; 12; IJ. 

There was no initial lag when catechol was used as substrate. 

Using 2 mg. catechol, at pjj 7*0: 

Ratos j)er 5 mm, 

T 10; 9; 8; 10; 7; 6; 0. 

Using enzyme still further diluted: 

Rates per 5 min. 

1 3'6; 2-9; 3-9; 3-3; 4-2; 2-6; 3 (): 2-9. 

The enzyme used in the above experiments had not been dialysed. 

In the following experiments the enzyme had been dialysed. 

Using 2 mg. j)-cresol at pg 7*0: 

Rates per hour 
1 0; 3; 15. 

Using 2 mg. catechol at pjj 7-0: 

Rates i>er 15 min. 

I 5; 5; 4. 

A similar effect was observed when a L. turpis '‘oxygenase” fraction was 
used instead of mealworm tyrosinase. Using 2 mg. p-cresol as substrate, and 
0*06 mg. catechol as activator, at 7*0: 

Kates per hour 
I 0; 0; 0; 19; 2G. 

11 5; 11; 22; 22; 26. 
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Discussion. 

The phenomena here described have a signihcant bearing on the mode ol 
action of tyrosinase. Since the action on the monohydric phenols tyrosine and 
j9-cre8ol is autocatalytic, and the lag is eliminated by addition of an o-dihydxic 
phenol, it appears as if some product of action on an o-dihydric phenol enabled 
the enzyme to act on the monohydric phenol. Since dialysis of the enzyme 
preparation did not destroy its action on the monohydric phenol, the necessary 
product appears not to be dialysable. It is quite likely, however, that in some 
instances the requisite o-dihydric phenol may be present as an impurity in 
the monohydric phenol, a possibility included by Onslow [1923]. Some old 
samples behaved towards peroxidase and hydrogen peroxide as if they con¬ 
tained some corresponding o-dihydric phenol, and such samples showed no 
initial lag when tyrosinase acted on them. This possibility is under further 
investigation, although it cannot furnish a complete explanation, as follows 
from the work of Onslow and Robinson [1928] described below. 

The production of hydrogen peroxide by the action of tyrosinase has not 
so far been demonstrated, and if the preparation from L. vellereus used by 
Wieland and Sutter [1928] contained tyrosinase, then the production of hydro¬ 
gen peroxide by tyrosinase is unlikely. The production of or^Ao-quinooes has 
been demonstrated [Happold and Raper, 1925; Pugh and Raper, 1927J. If, 
nevertheless, the reaction 



expresses what occurs when tyrosinase acts on an o-dihydric phenol, in accord¬ 
ance with the suggestion of Onslow and Robinson [1926], then both ortho- 
quinone and hydrogen peroxide are possible activators of the action on a 
monohydric phenol. Onslow and Robinson [1928] believe the effective sub¬ 
stance to be an or^/m-quinone. Using an enzyme obtained from the potato by 
preliminary treatment with alcohol, followed by aqueous extraction of the 
enzyme, they obtained, by means of treatment with charcoal, preparations 
which acted strongly on catechol, but scarcely at all on p-cresol or tyrosine. 
Addition of a trace of catechol caused action on p-cresol, and slight action on 
tyrosine. They concluded from their experiments that the oxidation of the 
monohydric phenols is a secondary phenomenon depending on the presence 
of an or^Ao-quinone and not directly on the action of the enzyme. They assumed 
that alcohol did not extract the orifAo-quinone from plant tissue, and that it 
was an or/Ao-quinone which was removed by charcoal. 

An or^Ao-quinone has not been shown to convert a monohydric to an 
o-dihydric phenol. Also it seems unlikely that an or^Ao-quinone is the effective 
substance, because dihydroxyphenylalanine will serve as activator, although 
the or^Ao-quinone formed from it is not “free” (as shown by its inability to 
oxidise an external amino-acid), but condenses at once with another part of 
its own molecule [Raper, 1927]. The following considerations indicate that 
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neither or//(?o-quinone nor hydrogen peroxide is able to bring about the con¬ 
version of a monohydric to an o-dihydric phenol at the requisite rate (the rate 
of a series of reactions being determined by the rate of the slowest), unless 
possibly it is catalysed in some way. Peroxidase with hydrogen peroxide, as 
well as tyrosinase, produces orfAo-quinones from o-dihydric phenols such as 
catechol [Pugh and Paper, 3927], yet peroxidase with hydrogen peroxide does 
not act on tyrosine, even in presence of a trace of added catechol, although 
peroxidase with hydrogen peroxide is known to act rapidly on dihydroxyphenyl- 
alanine, the o-dihydric jDhenol produced from tyrosine by tyrosinase [Paper, 
1926], to give products indistinguishable from those produced by tyrosinase. 
Neither does peroxidase with hydrogen peroxide act on phenol. It follows, 
since peroxidase with hydrogen peroxide is able to carry out all further stages 
in the reactions, that neither hydrogen peroxide nor ortho-qnmone is able to 
convert monohydric to o-dihydric plienol, unless the change is catalysed by 
something specifically })resent in tyrosinase preparations. Until enzymes cata¬ 
lysing action on monohydric and o-dihydric phenols have been shown to bo 
distinct from one another, the name “tyrosinase” must be applied to both, 
since action on tyrosine by means of a co-enzyme is a distinctive property of 
the enzyme. 

The facts may possibly indicate that the conversion of monohydric to 
o-dihydric phenol is brought about by hydrogen peroxide (Dakin’s reaction), 
catalysed by tyrosinase, possibly by way of an oxidised form of the enzyme; 
but further work is required before the mechanism responsible for action on 
a monohydric phenol can be known. 

2. Activation by boiled preparations. 

The observation was made by Haehn [1919], and confirmed by Paper and 
Wormall [1923], that the action of tyrosinase from potatoes on tyrosine was 
activated by boiled potato juice. This has been confirmed for tyrosinase pre¬ 
pared from mealworms. 

Recalculation of Paper and Wormall’s figures in terms of rates shows that 
the phenomenon consists in a tendency to elimination of initial lag. 

Tyrosine present in g. per 330 cc. 

_A._ 

Ordinary potato juice 0*1427 0 1269 0 1062 0 0905 0-0321 

‘Potato juice+ lK)iled potato juice 0-1442 0-1185 0-0980 0-0804 0-0287 

Time (min.) 0 130 220 360 1380 

Whence rates per 10 min. (mg.)—- 
Without boiled juice 1-21; 2-30; M2; 0-57. 

With boiled juice 1-98; 2-28; 1-26; 0*51. 

Using the arrangement of respirometers described for activation by 
o-dihydric phenols, 1 cc, saturated tyrosine as substrate, and 1 cc. boiled 
-mealworm preparation as activator, at 7*0: 

Rates per 16 min. 

I 0; 5; 20; 27; 22; 23; 17; 13. 

II 25; 30; 23; 21; 14; 12; 7; 7. 

The boiled preparation had been dialysed before boiling. 
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That activation by boiled preparatioiivS is related to the activation by 
o-dihydric phenols does not appear unlikely. 

Summary. 

1. The phenomenon discovered by Bach and Chodat of the apparent activa¬ 
tion by peroxidases of a constituent of the oxidase of the fungus Lacfarivs 
vellereus separable from it by 40 % alcohol is considered. 

2. Using peroxidase from horseradish, the phenomenon has been confirmed 
for some other Lacfnrius fungi, and certain alternative explanations to that 
put forward by Bach and Chodat are discussed. 

?>. The most probable interpretation of the phenomenon is the presence 
in Lactarius fungi of an autoxidisable substance. The possible presence also 
of some <mzyme able to produce hydrogen peroxide by dehydrogenation of the 
substrate may contribute to the phenomenon. No evidence was obtained of 
the dual constitution ascribed by Bach and Chodat to oxidases in general. 

4. The effect of peroxidase from horseradish on the action of potato juice 
and of tyrosinase from mealworms is described. 

5. The action of tyrosinase on tyrosine and on jy-cresol is shown to be 
autocatalytic, the lag being eliminated by addition of a small amount of 
catechol or of dihydroxyphenylalanine. 

6. The suggestion put forward by Onslow and Robinson [1928], that an 
or^/<if>-(piinone is responsible for initiation of action on a monohydric ])henol, 
is discussed. 

7. The elimination of lag by boiled tyrosinase preparations is demon¬ 
strated. 


I wish to express my thanks to Professor H. S. Raper, under whose direc¬ 
tion this work was carried out, for his kind criticism and help throughout the 
investigation. 
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It was shown by Quastel and Woolf [1926] that when fumaric acid and am¬ 
monia are incubated with a suspension of B. coli communis at 7*4 in presence 
of an ‘'inhibitor/’ such as 2 % propyl alcohol, there is a disappearance of free 
ammonia from the solution. Similarly, when Z-aspartic acid is incubated under 
the same conditions, it is partially deaminated, and the time-course and final 
values of the ammonia uptake or output correspond with those required for 
the reversible reaction 

COOH. CH - CH. COOH -f NH3 ^ COOH. CHg. CH (NH,). COOH 

where the molecular equilibrium constant K has 

a value of about 0*04. In the absence of “inhibitors,” there is also, under 
anaerobic conditions, an irreversible complete deamination of the aspartic 
acid, with production of succinic acid. It was shown by Cook and Woolf [1928] 
that the mechanism responsible for this reductive deamination is independent 
of the enzyme governing the aspartic-fumaric equilibrium, since it is present 
in strict aerobes and strh^t anaerobes, which do not bring about the latter 
reaction. When equilibrium has been attained, both aspartic acid and fumaric 
acid can be isolated, but, while the yields of aspartic acid agree satisfactorily 
with the theoretical, the yields of fumaric acid are invariably very low. 

The presence in animal tissues of an enzyme capable of forming malic acid 
from fumaric acid was shown by Batelli and Stern [1911], who named it 
"fumarase.” Einbeck [1919] reported that the reaction stopped when about 
three-quarters of the fumaric acid had been converted, and Dakin [1922] 
confirmed this and proved that the malic acid produced was exclusively the 
laevo4oTin. Clutterbuck [1927] followed polarimetrically the production of 
Z-malic acid from fumaric acid in presence of muscle, and found that the 
reaction followed a linear course until the equilibrium was nearly reached, 
when it slowed down. Alwall [1929] completed the proof that a true chemical 
equilibrium was involved by showing that the same final state was reached 
when muscle tissue was allowed to act on Z-malic acid. 

The presence of fumarase in JS. coli was reported by Quastel and Whetham 
[1924]. It is obvious that if this enzyme were present in the baoillxis in any 
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considerable quantity it would interfere with the aspartic-fumaric equilibrium, 
giving a complex malic-fumaric-aspartic equilibrium as the final state. Quastel 
and Whetham, however, found that when fumaric acid was incubated anaero¬ 
bically with relatively large concentrations of organisms, only minute quantities 
of malic acid could be detected. They therefore concluded that there was only 
a small quantity of furnarase in B. coli, and in the previous work on the aspartic- 
fumaric equilibrium this conclusion was accepted, and it was taken for granted 
that the production of malic acid was so slow as not to interfere appreciably 
with the main reaction. It will be shown in this paper that the interpretation 
given by Quastel and Whetham of their results was erroneous, though justified 
by the facts known at the time they did their work; that, in fact, B. coli 
shows a very high furnarase activity; and that the equilibrium constant pre¬ 
viously reported for the aspartic-fumaric equilibrium is really that of the 
complex malic-fumaric-aspartic equilibrium. It will also be shown that malic 
acid itself does not take up ammonia, that the addition of water and of am¬ 
monia to fumaric acid is due to two distinct enzymes, and that it is possible 
to eliminate the fumaric-malic reaction and so obtain the true constant of the 
equilibrium between aspartic acid, fumaric acid and ammonia. The bearing of 
these results on the ‘'active centre’’ hypothesis of Quastel and Wooldridge 
will be discussed. 

Experimental. 

All the work described was done with suspensions of ‘‘resting'’ B. coli 
communis. The organism was grown, either in Roux bottles containing 160 cc. 
of Cole and Onslow’s tryptic broth, or on the surface of tryptic broth agar 
in Petri dishes. There was no aj)parent difference in the behaviour of the 
organisms obtained by the two methods. In each case, the nutrient medium 
was inoculated from an 18 hours old broth culture, and incubated at 37° for 
2 days. When agar plates were used, the growth was washed off with normal 
saline and centrifuged; when broth was used, this was centrifuged from the 
organisms. The deposit of B. coli was then washed three times by centrifuging 
in normal saline, and finally suspended in saline and aerated for a few hours. 
It was stored at 0°, and, although generally used fresh, did not lose its activity 
after several months. The growth from one Roux bottle or one Petri dish 
generally corresponded to about 10 cc. of the suspension. 

The following stock solutions were used: Mj2 sodium fumarate, Af/2 
sodium Z-aspartate, Af/2 sodium Z-malate, and M ammonium chloride. The 
organic acids were weighed out and neutralised with sodium hydroxide, and 
all solutions were brought to 7*4. The buffer used was Clark and Lubs’s 
phosphate buffer, 7*4, containing M/20 phosphate. Ammonia was estimated 
on 0*5 cc, samples by the method of Woolf [1928]. Malic acid was estimated 
polarimetrically as the molybdate compound, by the method of Auerbach and 
Kruger [1923]. A 5 cc. sample was added to 10 cc. of 14*2 % ammonium 
molybdate, then 1 cc. of glacial acetic acid was added, and the mixture was 
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allowed to stand a few hours in the dark. It was then filtered through kiesel- 
guhr, exactly 5 cc. of water being used for wetting the filter-})aper and washing, 
so that the total volume of fluid used was 21 cc. The presence of the molybdate 
helped to precipitate the bacteria, so that a crystal-clear filtrate was obtained. 
Another 5 cc. sample was added to 11 cc. of 6 % trichloroacetic acid, which 
was filtered in the same way with the addition of 5 cc. of water. The trichloro¬ 
acetic acid acted as a protein precipitant and [uoduced about the same degree 
of acidity as that due to the acetic acid in the molybdate mixture. The two 
solutions were examined polarimetrically in a 2 dm. tube, and the difference 
in rotation was proportional to the /-malic acid present. It was found that 
10 mg. of malic acid, under these conditions, gave s rotation difference, with 
light from the mercury green line, of 4- 0*84°. This agrees with the value given 
by Needham [1927 J. All the reaction mixtures were incubated at 37'^, the 
mixtures without inhibitor being contained in filter-flasks evacuated at the 
water-pump, while those with inhibitor were placed in stoppered flasks, it 
having been previously ascertained that there was no difference in the course 
of the reaction anaerobically and aerobically. 


Results. 

The result of a typical experiment demonstrating the fuinarase activity 
of the organism is shown in Fig. 1. The following reaction mixtures were made 
up, each containing in addition 50 cc. buffer solution and 2 cc. of R. coli 
suspension. 




MI2 
fu marie 

Time in hours 

Fig. 1. 

M/2 

Z-malic 

Propyl 

alcoliol 

Water 

Mixture 

cc. 

cc. 

cc. 

oc. 

A 

20 

— 

__ 

28 

B 

— 

20 

— 

28 

C 

20 

— 

2 

26 

D 

— 

20 

2 

26 
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Initial malic acid estimations were made, the mixtures were incubated, A and 
B being anaerobic, and at suitable intervals further samples were taken for 
estimation. 

Curves C and I) show that in presence of 2 % propyl alcohol an equilibrium 
is reached when about 76 % of the fumaric acid is converted into malic acid, 
or 24 % of the malic to fumaric. This equilibrium value agrees with that found 
by many workers for muscle. Tlie initial portion of curve C is linear, as found 
by Clutterbuck [1927, 1928J for the fumarasc of muscle and liver, which sug¬ 
gests that the enzyme is saturated wilh its substrate for nearly the whole 
course of the reaction. C^urves A and B show that in the absence of an in¬ 
hibitor the fumarie-malic equilibrium is masked by some other irreversible 
reaction which results in the destruction of the malic acid, and follows a linear 
course. The final portion of curve A is invariably j)arallel to the linear part of 
curve B, but sometimes the curves cross before this part is reached. The same 
phenomenon is observed in tlie absence of inliibitors for the aspartic-fumaric 



Fig. 2. 

equilibrium [cf. Quastel and Woolf, 1926, figs. 1 and 2; Cook and Woolf, 1928, 
fig. 1], and, as in these cases, the chemical change involved is no doubt a reduc¬ 
tion to succinic acid of at any rate part of the malic acid. The matter is under 
investigation. The figure also shows that the presence of propyl alcohol 
increases the velocity of the fumarase action. This activation is not always 
observed,^ 

It was shown by Clutterbuck [1928J that phosphates had an activating 
action on animal fumarase. This has been confirmed for the enzyme of B. coli, 
as shown by Fig. 2. Curve E was obtained with a mixture similar in composi¬ 
tion to mixture C of Fig, 1, and for curve F the buffer was replaced by water. 
The figure shows that the presence of M/40 phosphate at jtqj 7*4 almost doubles 
the reaction velocity. All the other reaction mixtures used in this work con¬ 
tained half their volume of buffer solution. 
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It is now possible to explain the results of Quastel and Whetham [1924]. 
Their reaction mixture was similar to that used for curve A, save that they 
used a much higher concentration of B. coli. When they examined their 
solution, at the end of 24 hours’ incubation in vacuo, it had probably reached 
the final part of curve A, and most of the malic acid previously formed had 
disappeared, thus leading them to believe that there was very little fumarase 
in the organism. 

Having established the presence in B. coli of considerable quantities of 
fumarase, it became necessary to re-examine the supposed aspartic-fumaric 
equilibrium. A typical result is shown in Figs. 3 and 4. The reaction mixtures 
were: 


Mixture 

JU/2 

/-aspartic 

cc. 

M/2 

fumaric 

cc. 

M 

NH^Ol 

cc. 

Propyl 

alcohol 

CO. 

Water 

cc. 

G 

20 

— 


2 

26 

H 

_ 

20 

10 

2 

16 

K 

— 

20 

,— 

2 

26 



Fig. 3. 


Ammonia and malic acid estimations were made on G and H and malic acid 
estimations on K ; the solutions were then incubated and the estimations were 
repeated at suitable intervals. The results with G and H are shown in Fig. 3. 
Curves GA and GM represent the changes that take place when M/10 aspartic 
acid is incubated with the organism. The distance between GA and the base¬ 
line represents the molar concentration of free ammonia, found by estimation. 
This will of course be equal to the sum of the concentrations of fuiparic and 
’^malic acids. The distance between curves GA and GM represents the concen¬ 
tration of malic acid, as found by estimation. Henee, by difference, the distance 
between GM and the base-line gives the amount of fumaric acid present, while 
the aspartic acid concentration is equal to the distance between GA and the 
horizontal line at the top of the figure. Similarly, for the other pair of curves, 
HA denoting free ammonia in H and the distance between HA and HM the 
malic acid. It will be seen that the ammonia curves GA and HA are similar 
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to those given by Qnastel and Woolf [1926J, but that, at equilibrium, the 
fumaric acid concentration is only about a quarter of the ammonia con¬ 
centration, the remaining three-quarters having changed to malic acid, in 
accordance with the requirements of the fumaric-malic equilibrium. 

Fig. 4 is strong evidence that the addition of water and of ammonia to 
fumaric acid is the work of separate enzymes. It is conceivable that the two 
reactions could be effected by a single enzyme, which activates fumaric acid, 
possibly on the lines suggested by Quastel [1926], the activated fumaric acid 
then ''accepting” either water or ammonia, in the form of their ions, which 
do not need ‘"activation” (Quastel). If this were the case, and one started 
with a system containing the enzyme and fumaric acid only, then the rate at 
which malic acid was formed would be governed by the speed with which the 



Fig. 4. 

enzyme could activate fumaric acid. Now, if ammonia were added to the 
system, some of the fumaric acid which would have yielded malic acid would 
be diverted to form aspartic acid; there would be competition between water 
and ammonia for the activated fumaric acid. On the other hand, if two dis¬ 
tinct enzymes were involved, then, so long as the fumaric acid was present in 
sufficient concentration to saturate the fumarase, the addition of ammonia 
would not affect the rate of formation of malic acid. Fig. 4 shows that this is 
in fact the case. Curve H shows the rate of malic acid formation from M/10 
fumaric acid in presence of M/10 ammonia, i.e. the ordinate at any time equals 
the distance between curves HA and HM in Fig. 3. Curve K shows the pro¬ 
duction of malic acid in mixture K, which contains no ammonia, and it is clear 
that the initial rates of malic acid production in the two mixtures are identical. 

When malic acid and ammonia are incubated with B, coli the final state 
is the same as that shown in Fig. 3, but the ammonia uptake is slower than 
with fumaric acid. It is, of course, possible that malic acid goes directly to 
aspartic acid without passing through the stage of fumaric acid. That this is 
unlikely is shown by Fig. 5. Mixture L contains M/10 fumaric acid and M/10 



478 


B. WOOLF 


ammonia, together with a very small quantity of organism, while in mixture 
M, malic acid is substituted for the fumaric acid. The curves show the details 
of the beginnings of the ammonia uptakes. Fumaric acid immediately begins 
to react, but with malic acid there is a lag, indicating that fumaric acid must 
be formed before the ammonia uptake can begin. 

The equilibrium constant Kj for the reaction 
COOH.CH = CH.COOH + H^O ^ COOH.CH^CH.OH.COOH 

is given by the equation 

^ _ [Fumaric acidl [Water] 

^ [Malic acidj 

The concentration of water can be taken as constant. Hence the ratio of 
fumaric acid to malic acid at equilibrium will be constant, whatever their 
initial concentrations may be. Now in the aspartic-fumaric equilibrium the 
constant Kg is given by 

^ ^ (Fumaric acid] [ Ammonia] 

2 [Aspartic acid] 

The value found for this constant by Quastel and Woolf [1926] was 0-04, but 
what they supposed was the fumaric acid concentration was really the sum 
of the fumaric and malic acid concentrations. The true concentration of fumaric 
acid is only a quarter of the value they used. It is this constancy of the 



Time in hours 
Fig. 6. 



Fig. 6. 


fumaric-malic ratio that enabled them to find the same value of K for the 
complex equilibriuih when they varied the concentrations of their reactants. 
Substituting the true value of the fumaric acid concentration in the equation 
for Kg, one finds that Kg is about 0-01. From this value it can easily be calcu- 
dated that, if the fumaric-malic reaction could be entirely eliminated, the 
equilibrium mixture for the aspartic-fumaric equilibrium, when the reactants 
were present in the usual initial concentrations of M/10, would contain only 
about 28 % of free ammonia instead of the 47 % found for the mixed equi¬ 
librium. 

Fig. 6 shows the result of an experiment in which these conditions are 
realised. The effect of cyclohexanol on the fumarase of B, coli is peculiar. If 
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the organism is incubated with 2 % cyclohexanol for an hour or two, the 
fumarase is markedly activated, but if the incubation is continued fbr 15 hours, 
the fumarase activity is sometimes found to have entirely disappeared. This 
is not always the case, and it is probable that the time required for the destruc¬ 
tion of the enzyme varies for different strains and preparations of the organism. 
When the fumarase is destroyed in this way it is found that malic acid will 
show no ammonia uptake, but ammonia uptake by fumaric acid still occurs. 
In the ex])eriment to be described, 20 cc. of stock B. coll suspension were 
added to 78 cc. of saline and 2 cc. of cyclohexanol, and the mixture was incu¬ 
bated for 15 hours, when the fumarase was fourul to })e com])letely destroyed. 
The following reaction mixtures were then made up: 


J//2 

MI2 

31 


(Vclo- 

T reat(‘d 


/-aspartic 

fumaric 

mi,c\ 

Buffer 

licxanol 

li. coli 

Water 

Mixture cc. 

cc. 

cc. 

ce. 

cc. 

cc. 

cc. 

.V 20 

__ 


50 

1-8 

10 

18-2 

F 

20 

10 

50 

1-8 

10 

8-2 


The mixtures were incubated, and ammonia and malic acid estimations made 
at intervals. The malic acid estimations were negative, and the ammonia results 
are shown in Fig. 6. It will be seen that the final value obtained is the true 
one for the aspartic-fumaric e(juilibrium. 

This differential destruction of the mechanisms responsible for the two 
reactions is a further proof that two distinct enzymes are involved, and the 
absence of ammonia uptake by malic acid after the destruction of fumarase 
confirms the conclusion that malic acid itself is not converted into aspartic 
acid. It is convenient to have a name for the enzyme responsible for the 
aspartic acid reaction and it is juoposed that it be provisionally termed 
as par t as e. 

It was found by Alwall [1928] that the fumarase in a succinoxidase pre¬ 
paration from muscle is destroyed by incubation at 50° for half an hour. 
Boiled B, coli shows no fumarase or aspartase acti city, and preliminary ex¬ 
periments indicate that the inactivation temperature for each enzyme is in 
the neighbourhood of 50°. 

Discussion. 

B. coli communis is able to bring about several chemical reactions involving 
fumaric acid. One is the irreversible reaction shown in Fig. 1, which is in¬ 
hibited by propyl alcohol. Possibly another is the oxidation of fumaric acid, 
though it seems probable that this may only take place via malic acid. Finally 
there are three reversible reactions: the fumaric-succinic-methylene blue equi¬ 
librium [Quastel and Whetham, 1924], and the equilibria governed by fumarase 
and aspartase. Each of these reactions seems to be catalysed by a distinct 
enzyme, which can effect one reaction only. Working with mammalian tissues, 
Alwall [1928] destroyed fumarase and left succinoxidase, and Clutterbuck 
[1928] destroyed succinoxidase and left fumarase. It has been shown in this 
paper that the fumarase of bacteria can be destroyed without elimination of 
aspartase. Quastel and Wooldridge [1927,1] showed that the succinoxidase of 
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B. coli is destroyed by incubation with cyclohexanol for 5 minutes, whereas 
fumarase lias been shown above to be far more resistant to this substance. 
They also showed that succinoxidase is little affected by one hour at 57^^, a treat¬ 
ment that would destroy both fumarase and aspartase. Quastel and Wooldridge 
[1928] report that, after treatment with toluene, the affinity of the succin¬ 
oxidase of B. coli for malonic acid is vastly increased, so that small concentra¬ 
tions have a large effect in retarding the reaction velocity. Experiments made 
on fumarase and aspartase show that they do not possess this property. Finally, 
repeated attempts have been made to demonstrate the presence of aspartase in 
muscle, with uniform lack of success, although the various preparations used 
showed marked fumarase activity. 

It seems clear, therefore, that three reactions as similar as the addition 
across the double bond of fiimaric acid of 2H, H and OH, and H and NHg, 
require separate enzymes for their catalysis. Now according to the “activa¬ 
tion” theory of Quastel [1926], as modified and extended by Quastel and 
Wooldridge [1927, 2] into the “active centre” theory, one would expect the 
essential happening in all these reactions to be the same, the activation of 
fumaric acid. The fumaric acid would be adsorbed or combined at an active 
centre, at which it would come under tlie influence of an intense electric field, 
becoming activated, so that its state cpuld be diagrammatically represented 
as COOH.CHg.C.COOH. The activated molecule would then react with ions 
from the solution, which do not need activation, and which would combine 
at the temporarily unsaturated or active carbon atom represented by the sign 

C. If this were the true mechanism, one would expect all three reactions to 
be effected by a single enzyme; or, if it were objected that the three reactions 
required fumaric acid activated to different extents, then it would be antici¬ 
pated that the enzyme that could effect the most difficult of the three reactions 
—the one requiring the highest energy of activation or the most intense 
electric field—should also be able to bring about the other two reactions, 
while the enzyme catalysing the more difficult of these two reactions should 
also bring about the easier, and only the enzyme with the weakest field should 
be truly specific for one reaction only. But experiment shows that the contrary 
is the case; each enzyme is specific for one type of reaction. The differences in 
the enzymes seem not to be merely quantitative, as one would expect if the 
views of Quastel and Wooldridge were accepted as adequate, but there appear 
to be qualitative differences between them. 

At the present stage it is only possible to give the merest indications of 
what the nature of these qualitative differences may prove to be. It will be 
noticed in curve HA, Fig. 3, that the initial portion is linear for a large portion 
of the reaction. This suggests that the enzyme is working at full saturation 
with its substrate. Now the reaction taking place involves two substances, 
fumaric acid and ammonia. If it were supposed that the ammonia were acting 
in solution, combining with activated molecules of fumaric acid at the enzyme 
when it came into contact with them by collision, then, by the law of mass 
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action, it would be expected that, as the ammonia concentration fell, the 
reaction velocity would fall proportionately, even although the enzyme was 
saturated the whole time with fumaric acid. One would only expect to get 
a linear reaction if the enzyme were saturated with both the reactants— 
fumaric acid and ammonia. It follows that one must suppose that ammonia 
is combined at tlie enzyme as well as fumaric acid. Similar considerations 
apply to the reduction of methylene blue by succinic acid in presence of 
bacteria. Quastel [ID^bJ gives a figure (Fig. 1) showing that the rate of de¬ 
coloration is linear during the greater pa it of the reaction. This implies that 
the enzyme is satTirated with methylene blue, ami therefore that there is com¬ 
bination between enzyme and dye. Further evidence leading to the same 
conclusion is furnished by the work of Dixon fl92b] on xanthine oxidase and 
Quastel and Wooldridge [1927, 1] on several of the dehydrogenating enzymes 
of B. coli. These workers used various dyes of different reduction potentials, 
and found that the rate of reactiim was not de])endent merely upon the ease 
of reduction of the indicator. Dixon points out that the presence of sulphonic 
groups in the dye tends to slo\v its reduction rate. These facts suggest that 
the chemical nature of the dye affects its affinity for the enzyme, and hence 
its rate of reaction. Quastel and Wooldridge themselves state thatthe velocity 
of reduction is governed by the concimtration of indicator as well as by the 
concentration of activated donator at the surface,” l)ut they do not seem to 
mean that the combination between enzyme and indicator is of the Michaelis 
type, nor do they seem to the writer to bear this condition sufficiently in mind 
in the development of their theory. 

These considerations, and similar ones a]>plied to the facts known about 
some other enzymes, point to the rather attractive hypothesis that one of the 
conditions for a reaction to occur at these enzymes is that all the substrates 
shall be combined there together—succinic acid and methylene blue for succin- 
oxidase action, fumaric acid and ammonia with aspartase, and fumaric acid 
and water with fumarase. Whether there is also activation by electric fields 
as Quastel postulates, or whether the mechanism by which reaction is effected 
is of a different nature, seems to the writer still a very o})en question. This 
hypothesis has at any rate the merit that it is capable of being tested on 
strictly quantitative lines, and it is hoped to carry out further studies on 
fumarase and aspartase with this object in view. 

Summary. 

1. The presence is demonstrated in B. coli communis of considerable quan¬ 
tities of fumarase, the enzyme governing the equilibrium between fumaric 
acid and Z-malic acid. In the absence of inhibitors, such as 2 % propyl alcohol, 
the action of this enzyme is masked by an irreversible process resulting in the 
anaerobic destruction of malic acid. In presence of propyl alcohol the same 
equihbrium is attained as that given by animal fumarases. 


31—2 
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2. The equilibrium previously reported between aspartic acid, fumaric acid 
and ammonia is really a complex malic-fumaric-aspartic equilibrium. The 
fumarase of B, coli can be destroyed by treatment of the organism with cyclo- 
hexanol, and then the true aspartic-fumaric equilibrium is obtained. 

3. The three reversible changes involving fumaric acid—those to succinic, 
malic and aspartic acids—are catalysed by distinct enzymes. It is proposed 
to call the enzyme responsible for the third of these reactions aspartase, 

4. The bearing of these results on enzyme theory is discussed, and a limited 
hypothesis on enzyme action is put forward. 

It is a pleasure to express my gratitude to Sir F. G. Hopkins and Mr J. B. S. 
Haldane for their continued encouragement during the course of this work. 
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LV. THE DISTRIBUTION OF VITAMIN IN 
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By vitamin Bg is here meant the factor in the vitamin B complex, other than 
the antineiiritic, which promotes growth and cures and prevents dermatitis 
in rats. Its possible identity with the “P. P.” factor, preventive and curative 
of human pellagra, and probably of ‘'black-tonguein dogs, is discussed later 
in this paper. 

Since the discovery that McCollum and Davis’s [1915, 1, 2] water-soluble 
B vitamin can be subdivided into at least two factors, Eijkman’s [1897] anti- 
neuritic and another [Smith and Hendrick, 1926; Goldberger et al., 1926; 
Chick and Roscoe, 1927], no attempt has been made to work out syste¬ 
matically the distribution of the more heat-stable factor, vitamin Bg. The 
distribution of the other constituent, the antineuritic vitamin Bj, as investi¬ 
gated by the power of a food to protect a bird on polished rice from poly¬ 
neuritis or to cure the condition when it is developed, is presumably not 
affected by the discovery of another factor in the vitamin B complex. As 
early as 1912 Cooper [1912] showed that pigeons require to maintain their 
weight on a diet of polished rice a factor different in its distribution from that 
which protects against and cures polyneuritis, and it is possible that this factor 
was what is here designated vitamin B 2 . But, since autoclaved yeast, one of 
the richest sources of vitamin Bg, has no effect in curing polyneuritis, it would 
follow that the presence or absence of vitamin B 2 in the food does not affect 
its strictly antineuritic potency. The distribution of the thermolabile anti¬ 
neuritic factor B^, in so far as it has been investigated by experiments with 
birds fed on polished rice, has therefore not been upset by later discoveries. 

Where the “water-soluble vitamin B” value of a substance has been 
investigated with the growth of rats as a criterion, it is not possible, since 
both factors are equally necessary for growth, to form any idea of the relative 
amounts of vitamins B^ and B 2 present. Chick and Roscoe’s [1928] work 
showed that it is difficult to clear caseinogen completely of vitamin Bg, and 
it may reasonably be assumed that most “vitamin B-free” diets have hitherto 
not been free of this factor. Moreover, it is not until recently that techniques 
have been evolved for supplying a rat with vitamin B^^ without vitamin Bg. 
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Distribuiioyi of vitaynin as indicated hy 'previous observations 
on the growth, of rats. 

In the course of previous work deraonstrating the dual nature of vitamin B, 
some indications of the distribution of vitamin B 2 have been given. This factor 
is abundant in yeast, fresh or autoclaved [Smith and Hendrick, 1926; Chick 
and Roscoe, 1927; Sherman and Axtmayer, 1927]; 0-2 g. daily of fresh yeast 
and 0-4 g. of autoclaved maintained growth in rats receiving daily an anti- 
neuritic yeast extract free from vitamin Bg [Chick and Roscoe, 1927]. Sherman 
and Axtmayer [1927] found when observing growth in rats on a vitamin B-free 
diet that whole wheat supplemented autoclaved yeast, and dried skim milk 
supplemented whole w^heat, and drew the conclusion that whole wheat is richer 
in vitamin Bj (F) than in vitamin Bg (G), while with miJk the reverse is the case. 
Hunt and Kraus [1928] found that 5-10 cc. of fresh wdiole milk daily supple¬ 
mented, as source of '‘vitamin B,” a yeast-fraction w-hich could also be supple¬ 
mented by autoclaved yeast. A number of observations on pigeons have also 
indicated that milk is a poor source of the antineuritic vitamin [Cooper, 1914; 
Gibson and Conception, 1916; Johnson and Hooper, 1921]. 

Chick and Roscoe [1927] observed that it required a daily dose of 1 g. of 
wheat embryo to produce normal growth in conjunction w4th an antineuritic 
concentrate prepared according to Peters’s method [Peters, 1924; Kinnersley 
and Peters, 1925], whereas 0*2 g. daily of the embryo could produce good 
growth when supplemented by aiitoclaved yeast. 

McCollum, Simmonds and Pitz [1917] state, without giving experimental 
results, that the antineuritic value of the oat kernel is high; by analogy with 
other cereals one w^ould expect this to be the case. Smith and Hendrick [1926], 
however, found that a diet containing 40 % of whole oats failed to produce 
normal growth in rats unless supplemented by 5 % fresh or autoclaved yeast, 
suggesting that oatmeal is richer in vitamin Bj than in vitamin Bg. 

Salmon [1927] obtained results suggesting that the leaves of the velvet 
bean were richer in vitamin Bg than the beans themselves, w'hile the distribu¬ 
tion of vitamin B^ w^as the opposite. 

Goldberger et al. [1926] reported that rats fed on a diet containing 20 % 
of dried fresh beef as the sole source of vitamin B rapidly declined and died, 
with or wdthout polyneuritis. 5 % of an alcoholic maize extract, which, supple¬ 
mented by autoclaved yeast, could produce good growth, but of which alone 
as much as 40 % produced no growth, was added. With this addition the rats 
“ grew in a normal manner, suggesting that dried beef is a stronger source of 
vitamin Bo tlian of vitamin B^. 

The results of these investigations can be roughly summarised as follows. 
Unheated yeast is rich in both vitamins and Bg; autoclaved yeast only in 
vitamin Bg. The cereals contain more vitamin B^ than vitamin Bg, milk and 
meat the reverse. In the velvet bean the leaves are richer in vitamin B 2 , the 
seeds in vitamin Bj. It is impossible to make any quantitative estimates of 
vitamin Bg from these observations. 
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Experimental. 

In the present researcli a thorough investigation of the wheat and maize 
kernels for their vitamin B 2 content was made: the point of interest being to 
determine, since human pellagra is a maize, rather than a wheat, eater’s 
disease, any significant difference in vitamin B 2 ^'ontent of the two cereals. 
We have also investigated certain other common foodstuffs in a less exhaustive 
fashion. 

Method used for assay vita mm lij,. 

TJ 10 techniqtjo cla>)orated by (,'hiek and Rosl-ik' [ 1928] was list'd. In this method Bj is siifiplied 
to the rats as Peters’s antinenritie concentrate, while special clTorth are taken to free the c.aseinogen 
in the basal diet from vitamin Bg by thorough washing with acidulated water and extraction with 
dilute acid alcohol. It is difficult to check all growth in rats and induce p)Ilagradike symjitoms in 
tlu'in unless this method of puritication is followed. 

Our basal diet J\L was as follows: 

S}>ecia,!ly purifii'd caseinogen 
Rice starch ... 

C’otton-seed oil 
Salt mixture^ 

(Water ... . 

"J’he diet was cooked in a steamer for 3 hours at 100 ’ to prevent rcfi'ction [Friderieia ci al. 1927; 
Koscoe, 1927]. 

Diet PoL, with the daily addition of O-Oo O l g. of cod-liver oil to provide vitamins A and D, 
and 0-1 cc. (equivalent, to 0-0 g. yeast) daily of IVOu’s’s untimniritic concentrate | Pet<n-s, 1924; 
Kinnersley and Peters, 1925], to provide vitamin B,, was assumcal to supply all the factors 
necessary for rat growdh oxcejit vitamin B^ (or the part of the vitamin B complex other than the 
ant iiicu ritie). 

In the invivstigation of the cereals the materials under examination wore mixed into the basal 
diet in such projiortions that the standard ratio betw'een protein, carbohydrate, and fat 
(20 : 50 : 15) was not altered, using for the calculation the commonly accepted analysi's of the 
cereals. For example, whiti^ flour roughly coiitaiiis: protein 10 carbohydrate 90 %; in con¬ 
structing a diet containing 55 % of white flour, th(' following proportions were accordingly 
employed: 


20 parts 
50 „ 

15 ,, 

5 

BH) „ ) 


Jhirified caseinogen 

13-5 parts 

Rice starch 

1-5 „ 

Cotton-seed oil ... 

15 U „ 

Salt mixture 

5() „ 

White flour 

55-0 „ 1 

(Water 

lOOO „ 


(5-5 parts protein; 58*5 parts carbohydrate) 

) 

making the percentages of protein, etc., similar to those in the basal diet PgL. The composition 
of other cereal diets was similarly calculated. The diets were cooked for 3 hours at 100'^’. We 
did not in any case allow the cereal protein to replace more tliaii one-half the caseinogen of the 
original basal diet; in most oases it rei)la(?ed about one-third. 

In the investigation of other foods, of which the necessary quantities were small, daily additions 
were made to the basal diet PgL. 

Young rats, just weaned, from 30 to 45 g. in weight, wore fed for a week on diet P 2 L, with 
the addition of throe drops (0-05 g.) of cod-liver oil daily to provide vitamins A and D, Peters's 
antineuritic concentrate being omitted for economy’s sake. At the end of tlie week, during whic h 
growth always ceased, the rats were put in separate cages and the diet containing the substance 
under examination was fed to them, 0-1 cc. (—0-5g. dry yeast) daily of Peters’s antineuritic 
concentrate (vitamin Bj) being now added. One rat from each litter, usually the best grown, was 
kept on diet PX with additions of cod-liver oil and antineuritic concentrate only, to act as a 
“negative control.” 

^ Salt mixture No. 185 [McCollum, Simmonds and Pitz, 1917]. 
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Young rats, when first caged singly and put on a strange diet, take a few days to get used 
to new conditions. Very little growth may take place in the first week, even on a good diet. We 
therefore disregarded the first week’s growth, and took for our standard of comparison the average 
weekly growth during the succeeding 4 weeks, the vitamin Bg value of a foodstuff being estimated 
by the minimum daily ration needed to maintain normal increase in body-weight (11-14 g. 
weekly) during those 4 weeks. In a few cases when, after a test period of 2 to 3 weeks, it became 
obvious that the diet contained insufficient vitamin for growth, we increased the amount of 
test substance in the ration and began again, using the succeeding 4 weeks for our standard of 
comparison. 

We found sometimes a different response to the same diet by rats from different litters. This 
difference was not large enough to produce markedly incompatible results, but made it necessary 
to distribute each test material through several litters, so that in no case should conclusions he 
drawn from results obtained on rats of one litter only. Males and females were used in approxi¬ 
mately equal numbers in testing each foodstuff. 

Where it seemed of interest to compare as accurately as possible the vitamin Bg content of 
certain foods, such as “household” and “top patent” flour and whole wheat and whole maize, 
rats from the same litter were used, as these give a more uniform response. 

The power of certain foodstuffs to euro dermatitis which had developed in rats on the basal 
diet was also tested (Table V). 

1. The vitamin content of various samples of wheat, maize and peas, 
tested as different proportions of the diet. 

Two kinds of whole wheat were tested, (A) a mixture consisting mainly 
of Manitoba wheat, (B) a sample of English wheat. Of sample (A) five different 
parts of the berry were tested, viz. (1) the germ, which in this sample appeared 
to be quite free of bran, (2) the bran, (3) ‘'top patent’^ flour, a sample specially 
collected and consisting of almost pure endosperm, (4) “household” flour, a 
coarser article than the '‘top patent” and one that is in commercial use, and 
(6) “tails” or fine pollard, a mixture of all parts of the berry carrying a high 
percentage of bran. The last was tested with the idea that it might represent 
a more or less pure specimen of the aleurone layer wliich lies between the bran 
and the endosperm, but on further investigation the sample was found to be 
too mixed for such conclusions to be drawm. 

Two samples of whole maize were tested, (A) white African maize, (B) yellow 
South American maize. Maize germ meal and maize “grits” from sample (B) 
were also investigated. The maize germ meal contained a fair amount of endo¬ 
sperm, the maize “grits” was, as far as was ascertainable, fairly pure maize 
endosperm. “Polenta,” another form of maize endosperm, was also tested. 

In view of the extreme importance of the comparison of whole wheat and 
» whole maize, an additional experiment was set up in which the two samples of 
whole wheat and the two samples of whole maize were tested on rats of similar 
weights from the same litter. The result of this experiment is shown in Fig, 1. 

A sample of dried peas was tested. 

The “polenta” and the peas were bought across the counter, the other 
samples being obtained direct from the mills. 

The results of these experiments are shown in Table I, and in Table II 
are given the minimal amoimts which must be present in the diet if normal 
growth is to be maintained. 
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Table I, Average weekly growth increments of rats on: A, a mixed diet; B, purified 
diets, deficient in vitamin Rg, and ivith this vitamin supplied by autoclaved 
yeast; C, synthetic diets in which vitamin Rg supplied by various per¬ 
centages of cereal products and, peas. 


(Vitamin supplied in B and C by daily doses of Peters’s aiitineuritic concentrate from yeast.) 


A 


B 

C 


Average 
weekly 
increase in 
No. of body-weight 
rats for chosen 

Material tested observed 4 weeks (g.) 


Mixed diet. Dried or fresh winter milk, white or brown broad, cab- 16 14 

bages or carrots. With Quaker oats, wheat bran, sheep’s d lb; 9 1^* 

lungs and cods’ heads once or twice a week stock rats from 

5th~-9th week 
of life 


Negative controls. 
Positive controls. 


Diet PgL 

Diet PgL -f autoclaved yeast (0*4 g. daily) 
Wheat. Whole ground wheat. Sample A, Manitoba, 30 % 

60 % 
50% 


Maize. 


Peas. 


Sample B, English 
Wheat germ. Sample A, 7-5 % 

16 % 

30 % 

Wheat bran. Sample A, 16 % 

30% 

Wheat “tails” (fine pollard). Sample A, 15 % 

30 % 

Flour. Top patent. Sample A, 65 % 

Household. Sample A, 65 % 

Whole ground maize. Sample A, white, African, 30 % 

50 % 

Sample B, yellow, S. American, 50 % 
Maize germ meal. Sample B, 15 % 

30 % 

60 % 

Endosperm, Maize “grits.” Sample B, 65 
“ Polenta,” Italian, % 

Dried ground “Clipper” peas, 30 % 

■ 45% 


15 

5 
2 

10 

4 

4 

6 
6 
4 
4 
4 
4 

7 
4 
4 
6 

8 
4 

3 
6 
6 

4 
2 
6 


12- 5 
5-6 

16 

12 

2-5 

9 

16 

8 

13- 6 
7*5 

15 

5 


8*5 

11 

8 

2 

7 

13 

5 

4 

95 

16 


Whole wheat cannot be regarded as a rich source of vitamin B 2 J since 
30 % in the diet of sample A, a mixed sample consisting chiefly of Manitoba 
wheat, proved insufficient for growth; with 50 % of this wheat in the diet 
excellent growth was obtained. The sample of English wheat (B) was not as 
good a source of the vitamin; with 50 % in the diet growth was only just 
normal. 

Wheat endosperm, either as ^‘top patent’* flour or as the less pure ''house¬ 
hold” flour, is a poor source of vitamin B 2 , 65 % of either produced very little 
growth. Wheat embryo and bran are about equal to each other in their vitamin 
B 2 potency, and to wheat “tails”; in each case 15-30 % provides sufficient 
vitamin for normal growth. Tibbies [1912] gives the composition of the wheat 
berry as follows: bran 13*5 %, endosperm 85*0 %, germ 1-5 %, so that, in 
the wheat kernel as a whole the bran is the most important source of vitamin Bg. 
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Table II. Minimum amounts of cereal products^ given incorporated in the diet, 
required to provide enough vitamin for normal growth in young rats 
(11-14 g, weekly increase in body-weight). 

Amount required 

Material % of diet 


Wheat. B, English. Whole gram 50 

A, Manitoba. Whole grain 30-50 

Embryo 15-30 

Bran 15-30 

PoUard 15-30 

Patent flour > 65 

Household flour > 65 


Maize. A, white, African. Wliole grain 50 

B, yellow, S. American. Whole grain > 50 

Germ meal 30-60 

Endosperm '‘grits” >65 

C, endosperm Italian “polenta” >65 

Peas. Dried “Clippers” 30-45 


N.B. Where two figures arc given the lower was insuflicient. 


The mixed wheat sample, Manitoba predominating, was typical of the 
wheat mixtures used in London flour mills. It must be remembered, however, 


that since our investigation was made on particular samples, it is impossible 
to assume that these are representative. 



Fig. 1. Comparison of growth-promoting value of two samples of whole maize and two of 
whole wheat, when given as the only source of vitamin B« in an otherwise complete diet. 
The curves show the average growth of two rats (1 S 1 $ ) on each diet. 60 % of the 
cereal product was included in the diet in each case. 

Whole yellow maize is definitely inferior in its vitamin content to either 
of the samples of whole wheat tested. With 60 % in the diet the rats did not 
grow normally. The sample of white maize tested had a higher vitamin 
value than the yellow sample. The same amount, 60 %, in the diet was needed 
to produce normal growth as was needed of English wheat; it was, therefore, 
much inferior to the mixed Manitoba wheat (see Fig. 1). 

Maize endosperm, as grits’’ or as "‘polenta,” is very low in the vitamin, 
as is wheat endosperm; with 66 % in the diet the rats scarcely grew at all. 
The maize germ meal used was a less cleanly milled product than the wheat 
germ. In the maize kernel the germ is attached to the endosperm by a large 
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scutellum and can only be prepared in the pure state by careful hand dissection. 
Maize germ meal, therefore, carries of necessity a large proportion of both 
endosperm and scutellum. Even taking this into account, the maize germ 
may be considered a poorer source of vitamin Bg than wheat germ, as 60 % 
was needed to produce a normal rate of growth as against 30 % of wheat germ. 

Vitamin and the antineuritic vitamin are differently distributed in the 
wheat and maize kernels. Vitamin B 2 is not entirely absent from the endo¬ 
sperm as is vitamin B^, The rats on the 65 % white flour, and 65 % maize 
grits,” diets grew slightly better than those on the basal diet and did not 
develop pellagra-like symptoms except in one case, when a rat on 65 % “top 
patent” flour developed mild dermatitis. As regards the antineuritic vitamin 
Bj “the germ, weight for weight, was found to be five times as potent as the 
bran in the cure of polyneuritis ” [Medical Research Council, 1924]. In contrast 
with this, the vitamin B 2 content of the bran and the germ are about equal. 

Tlie vitamin B 2 value of dried peas cannot be considered high, 45 % in the 
diet being necessary before normal growth was obtained. 

2. The vita mm content of various foodstuffs, tested as additions 

to the basal diet. 

Yeast, dried and autoclaved for 5 hours at 120^, fresh whole winter milk 
from the ordinary London supply, cooked dried egg yolk, dried beef steak 
and dried ox liver were tested for their vitamin B 2 content by feeding small 
doses daily to rats winch received the basal diet with the addition of Peters’s 
yeast concentrate as source of vitamin B^. 

Table III. Avera<je weekly growth increments of rats on a purified caseinogen diet 
deficient in vitamin B 2 {P 2 L), supplemented with daily doses of various foods. 


(Vitamin Bj supplied by daily doses of Peters’s antineuritic concentrate from yeast.) 



Amount given daily 

No. of 

Average 
weekly 
increase in 
body-weight 


Air dry 

Natural 

rats 

for chosen 

Material tested 

g- 

state 

observed 

4 weeks (g.) 

Liver (dried ox liver) 

006 

02g. 

0 

4 


012 

0-4 

3 

12 


0*25 

0-8 

1 

18-5 

Yeast (dry) 

01 

0*5 g. 

2 

8 

0-2 

1*0 

3 

16 

Yeast (autoclaved) 

0-4 

2-0 g. 

5 

12*5 

Milk (fresh whole, London winter supply) 

0-36) 

3 oc. 

3 

9 

0-72 -solids 

6 

3 

12 


0*96] 

8 

2 

14 

Egg yolk (cooked, dried) 

0-5 

1 g- 

2 

7 

10 

2 

4 

11 

Meat (dried steak) 

0-25 

13 

2 

3-5 


0-5 

2 

' 3 

9 


0-75 

3 

3 

13 


10 

4 

2 

15 



490 


W. K AYKROYD AND M. H. ROSCOE 


The results of this experiment are given in Table III, and in Table IV are 
shown the minimum amounts which must be given if normal growth is to be 
maintained. 


Table IV. Minimum amounts of substances containing vitamin jBg given as daily 
additions to a basal diet required for the normal growth of young rats 

{11-14 g, weekly increase in body-weight). 


Daily dry weight 


Material g. 

Liver (dried ox liver) 0*06-0-12 

Yeast (dried) 0-1 -0*2 

Yeast (autoclaved) 0*4 

Milk (fresh whole, London winter supply) 0*36-0*72 
Egg yolk (cooked, dried) 0*6 -1*0 

Meat (dried steak) 0*5 -0*75 


Daily amount as 
natural foodstuff 


0 2-0*4 g. 
05-1*0 g. 

2*0 g. 

3-6 cc. 


N.B. Where two figures are given the lower was insufficient. 


All these natural foodstuffs enabled rats to increase normally in weight 
when given in doses of 1 g. and under. 

Since we kept a daily record of the food consumption of each animal, it is 
possible to draw rough comparisons between the foods which were incor¬ 
porated as different percentages of the diet and those fed as additions to it. 
Rats growing at a normal rate on diet PjL (with additions) consumed from 
6 to 7 g. (dry weight) daily. A dose of l-O g. dry weight would therefore 
represent 14-12-5 % of the dry weight of the total food consumed, one of 
0-6 g. 7-6 %. Normal growth was obtained on the cereal diets only when 
30 % or more of the cereal product was included in the total dry weight 
consumed, or when 2 g. and upwards of the cereal product was consumed daily. 

The substances tested in Table III are therefore to be reckoned better 
sources of vitamin than the cereal products and peas, if the comparison is 
made on the dry weights of the substances concerned. 

The following rough comparison of the foodstuffs tested may therefore be 
made, the substances being placed in descending order as regards their 
content, this being reckoned on the dry weight. 


1 . 

2 . 

3. 

4. 
6 . 
6 . 

7. 

8 . 

9. 


Dried ox liver 

10. 

Dried peas 

Dried yeast 

11. 

Whole wheat (Manitoba) 

Autoclaved yeast 

12. 

„ „ (English) 

Meat (dried steak) 

13. 

Whole maize (white) 

Milk solids 

14. 

„ „ (yellow) 

Dried egg yolk 

16. 

Maize germ meal 

Wheat germ 

16. 

Wheat endosperm 

„ bran 

17. 

Maize endosperm 


pollard 
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3. The curative effect of various foodstuffs on the dermatitis and other 
symptoms developing in rats on a vitamin B 2 -deficient diet. 

Of 15 rats from 15 different litters kept as negative controls on diet PgL 
with the addition only of cod-liver oil and antinenritic concentrate, none showed 
significant growth, and 9 developed symmetrical dermatitis. Of these 8 dis¬ 
played lesions of the fore-paws, the hind fee?also being affected in 6 cases and 
the groins and axillae in 3; one rat showed dermatitis of the groins and axillae 
alone. The axillary lesions tended to spread down the inner side of the fore¬ 
limbs and across the chest and those in the groins down the inner side of the 
thighs. The dermatitis of the extremities was usually accompanied by oedema, 
which in 2 rats was so severe as t^ cause gangrene by constriction, with the 
loss of six toes in one case. The general condition of the rats showing skin 
symptoms was usually miserable. 

The average time taken for symptoms to appear was 10 weeks, the shortest 
period being 5 weeks, and the longest 22. 

The remaining G rats deprived of vitamin B 2 , which showed no localised 
dermatitis, developed nevertheless a condition of general \vretchednes8 after 
a period varying from 5 to 8 weeks. They showed a mixture of such symptoms 
as ophthalmia, inflamed nostrils, loss of hair on liead and elsewhere, and 
haematuria. These symptoms were equally frequent in the rats showing definite 
dermatitis. 

The symptomatology was as described in a previous paper from this labora¬ 
tory [Chick and Roscoe, 1928], except that skin symptoms developed more 
constantly. A curious feature was the tendency of certain symptoms to pre¬ 
dominate at certain times. At one period in the autumn the sick rats tended 
to develop severe lesions of the extremities and of the eyes, while later the 
groins and axillae were most often affected, the eyes being almost normal. 

The power of certain foodstuffs to cure these symptoms of dermatitis was 
tested on eight of these negative control rats and on four other similar 
rats, negative controls from other experiments. 

In addition to these young rats, two adult rats, aged about 1 year, were put 
on the vitamin Bg-free diet. One of these (801 5) dropped in weight from 350 
to 170 g, in 11 weeks, and died without showing skin symptoms, though 
developing some ophthalmia. The other (802 <?) dropped from 200 to 140 g. 
in 10 weeks, its weight then became stationar}^ and at the end of 12 weeks it 
began to show dermatitis, which rapidly became very severe. This rat was 
used for a curative experiment. 

The results of the curative experiments are given in Table V. 

In these experiments it was found that the growth and healing properties 
of the substances tested ran parallel. The foodstuffs were mostly the same as 
those of which the vitamin Bg content had been tested by growth experiments. 
The results confirm the idea that in the rat a growth-promoting and a derma¬ 
titis-preventing factor are identical. In addition to the substances used in the 
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Table V. The curative effect of various substances on the dermaUhs and 
other symptoms developing in rats on a vitamin B^-deficient diet (Pgi). 


Kat Condition before test t|| 

771 $ Ophthalmia. Wretched condition. 

Weight stationary 

714 (J' Severe ophthalmia. Wretched 

condition. Derinatitis of ex¬ 
tremities. Growth stationary 
711 $ Poor general condition. Derma¬ 

titis of axillae, groins and fo(d. 
Cessation of growth 

734 9 Severe dermatitis of axillae and 

groins. Poor gencsral condition. 
Cessation of growth, loss of 
wadght 

3001 Severe dermatitis of fore-paws. 

Ophthalmia. Nose inflamed. 
Haematuria. Cessation of growth 


3067 Dermatitis of fore-ymws. In¬ 

flamed nose. Haematuria. Ces¬ 
sation of growth 

378 o Severe ophthalmia. DiaiThoea. 

Cessation of growth 


728 ^ Dermatitis of tail and extremities. 

Commencing gangrene of two 
toes. Cessation of growth 

748 c? Severe dermatitis of fore-paws 
and feet. Commencing gangrene 
of toes. Dermatitis of tail. 
Weight stationary 

729 ^ Severe dermatitis of fore-paws. 

Weight stationary 

S02 ^ Great wasting. Dermatitis of 
axillae and groins, spreading 
down inside of tliighs and fore- 
limbs. Large raw area on abdo¬ 
men 

3075 9 Ophthalmia. Slight dermatitis of 
fore-paws. Cessation of growth 
757 $ Ophthalmia, very poor condition. 

Severe dermatitis of groins and 
axillae. Haematuria. Loss of 
weight 



Length 
of time 



sub¬ 


Substance 

stance 


tcstecl 

was fed 

Result 

C/hoddar cheese 

3 weeks 

Very^ slight improve¬ 

1 g. daily 


ment ; 9 g. increase 
in wt. 

Cheddar cheese 

3 w eeks 

All lesions healed; 

2 g. daily 


28 g. increase in 
wt. 

Fresh meat 

2 w^ceks 

Improvement in der¬ 

0-4 g. daily 


matitis: 5 g. in¬ 

(0-1 g. dry wt) 


crease in w't. 

Cooked liver 

3 weeks 

Complete cure; 37 g. 

0-4 g. daily 
(0-12 g. dr;>' wt.) 


increase in w't. 

Wheat genu 

1 week 

No improvement or 

74 

'2 /O 


resumption of 

growth 

W’heat germ 

1 wmek 

Ditto 

15 2o 



Wheat bran 

1 week 

Ditto 

15 % 

PgL + 1 i) cc. 

2 wreaks 

Complete cure; 28 g. 

yeast fractions 


increase in wd. 

5 g. dry yeast 
Patent flour 

5 days 

Died 

Patent flour 

3 weeks 

Temporary improve¬ 

65% 


ment, followe^d by 



regression; no 

growth 

PaL-fO-4g. 

3 weeks 

Complete cure; 47 g. 

autoclaved yeast 


increase in wt. 

Maize germ 

3 weeks 

Toes sloughed ofl 

meal 60 % 


and all dermatitis 
healed; 30 g. in¬ 
crease in wt. 

Maize germ 
meal 60 % 

3 weeks 

Complete cure of 


dermatitis; toes 


sloughed off and 
stumps practically 
healed; 31 g. in¬ 





crease in wt. 

Milk 6 oc. 

3 weeks 

Ail lesions healed; 

daily 


38 g. increase in wt. 

Egg-white 6 g. 

3 weeks 

Complete cure of all 



lesions; 31 g. in¬ 
crease in wt. 


Egg-white 

3 weeks Complete cure; 42 g. 

60 % of diet 

increase in wt. 

Egg-white 

4 weeks Complete cure of all 

extract 

symptoms; 26 g. in¬ 

(^5 g. fresh 

crease in wt. 

egg-white) 
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growth experiments, Cheddar cheese and egg-white were tested. The former 
was not strongly curative as compared with milk; 2 g. daily of cheese (i‘3 g. 
dry weight) was needed as compared with 6 cc. (0-7 g. dry weight) of milk. 
Egg-white was more potent; 5 g. (O-G g. dry weight) produced a rapid amelioration 
of symptoms. 

W(i have occasionally observed a very slow amelioration of symptoms 
taking place in rats kept throughout on the Basal diet without any vitamin Bg 
additions. In the above experiments, however, when improvement followed 
alterations in the diet it was striking and immediate and left little doubt of 
its cause. 

DiscasHion of the relation of vitamin B 2 to the vitamin B complex, to the “P. P.” 
{pellagra-preventive) factor, and to the factor jyreventing bhek-tongue in dogs. 

It is by no means proved that vitamin B 2 is the only factor in the vitamin B 
com})lex other than that contained in Peters’s antineuritic concentrate and 
several workers have brought forward evidence pointing to the existence of 
a third factor. 

Hunt [1928] observed that an absorbable fraction (? vitamin B^) and a 
filtrate (? vitamin B 2 ) from yeast, which could respectively suj)plement auto¬ 
claved yeast and w'hole wheat, could be further supplemented by whole fresh 
yeast or yeast residue minus the above fractions. We do not think, however, 
that in these experiments the possibility of a quantitative deficiency of either 
fraction was sufficiently excluded. The same criticism applies to Eeadcr^s 
observations [1928] that growth failed in rats whose vitamin B was supplied 
by Peters’s antineuritic concentrate and large amounts of autoclaved marmite. 
Chick and Roscoe [1927] find tliat Peters’s yeast concentrate in an amount 
equivalent to O-G g. yeast daily if supplemented by 0*4 to 0*6 g. autoclaved 
yeast supports normal growth. 

We ourselves are more concerned with the possibility that in our experi¬ 
ments lack of growth and skin symptoms may not be due to the absence of the 
same factor. We can only say that those foods which promoted fair or good 
growth in young rats also protected from skin symptoms, and that in the 
curative experiments growth and healing ran parallel. The fact, however, that 
vitamin Bg may be capable of further subdivision would not preclude its 
identity with Goldberger’s pellagra-preventive ‘* P. P.” factor, itself possibly 
dual. In man tw’o distinct conditions are described: pellagra, and pellagra sine 
pellagra, in which no skin eruption occurs. The '‘P. P.” factor is effective 
against both. 

In our experience the distribution of vitamin Bg as determined by the 
method given above corresponds closely with that of the ''P. P.” factor and 
of the factor which prevents black-tongue in dogs, investigated by Goldberger, 
Voegtlin and others. The estimations made by these workers of the ''P. P.” 
factor contained in various foods are approximate, since in few cases was any 
attempt made to estimate the minimum necessary for protection, and the 
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basal diet was necessarily varied. Their results are collected in Table VI, the 
amounts given being expressed as the percentage of the dry weight of the diet, 
in order to obtain a rough comparison with our own results. 


Table VI. Comparison of the effects of various foodstuffs on vitamin Bg 


deficiency in rats^ on pellagra 

Rat 

in man, and on black-tongue in dogs. 

Man Black-tongue 

Material 

Vitamin Bg 

P.P. factor 

preventive factor 

Maize endosperm 

Very poor 

Associated with pella¬ 
gra m U.S.A. and 
Italy 


Wheat flour 

Very poor 

Associated with pella¬ 
gra in U.S.A. 

Used in basal diet to 
produce the disease 

Whole maize 

Poor; 60 % less than 
normal growth 

Traditionally associ¬ 
ated with pellagra 

No preventive action, 
used in basal diet to 
produce the disease 

Whole wheat 

Poor, but better than 
maize 


66 % in diet delayed 
onset of the disease; 
no protection 

Peas 

30-40 % needed for 
good growth (“Clip¬ 
per” peas) 

30-36% (168 g.dady); 
incomplete protection 
(Virginian cowpea) 

58 %; slight protection, 
73%; almost complete 
protection (Virginian 
Cowpea) 

Wheat germ 

15~'30 % good growth 

30 %; protection al¬ 
most complete 

31 %; protection al¬ 
most complete 

Fresh milk 

5-10 % milk solids, 
good growth 

20 % solids (1200 g. 
buttermilk daily) 

protected 

250-300 oc. skim milk 
daily protected 

Lean meat 

7-10 % (dry wt. j good 
growth 

10% (dry wt., 50 g. 
daily) protected 

11 % (dry wt.) pro- 
tected 

Dried yeast 

1-3 % good growth 

7 % (30 g. daily) pro¬ 
tected 

5 % protected 

Liver 

1-2 % (dry wt.) ox 
liver, good growth 

Alcoholic extract of 
ox liver effective m 
treatment 

11 % dried pork liver 
protected 

Dried egg yolk 

7-15 % good growth 

— 

17 % protected 


Dried yeast is strongly preventive of pellagra; 30 g. daily averted the disease 
in asylum patients, otherwise liable [Goldberger and Tanner, 1925]. Fresh or 
autoclaved, it is also efiective against black-tongue, if present in the proportion 
of 2“5 % of the basal diet [Goldberger et al, 1928, 1]. 

Goldberger’s original field studies in pellagra [Goldberger, Wheeler and 
Stucker, 1920] showed that "‘increasing supplies of milk or fresh meat were 
associated, one independently of the other, with a decreasing pellagra inci¬ 
dence,” and later work has demonstrated the protective value of both foods 
against pellagra and against black-tongue [Goldberger et al.y 1924, 1926, 
1928, 2]. Egg yolk, not yet tested in human pellagra, averts the canine disease 
[Goldberger et al, 1928, 2]. Cowpeas gave some protection against both 
pellagra and black-tongue [Goldberger et aL, 1927, 1928, 2], but were not 
reckoned a good source of the protective factors. 

An 86 % alcoholic extract of pork liver was used with good effect in the 
treatment of pellagra by Voegtlin [1920, Voegtlin et 1920]. It was claimed 
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that a daily therapeutic dose equal to 1 kg. of fresh liver produced as good an 
effect as ‘‘a diet containing a considerable quantity of milk, eggs and meat/' 
Dried pork liver is also preventive of black-tongue [Goldberger et al., 1928, 2]. 
We found dried ox liver to be the most potent source of vitamin Bg among 
the substances tested. 

We found a mixed whole wheat, in which Manitoba wheat predominated, 
to have more vitamin potency than white or yellow maize. If vitamin Bg 
and the “P. P." factor are identical, this result might explain the observed 
liability to pellagra of the maize eater rather than of the wheat eater, in localities 
where the whole grain and not highly milled products are consumed. Similarly, 
studies on black-tongue [Goldberger et al., 1928, 1, 2] showed that the appear¬ 
ance of symptoms was earlier when the basal diet contained 78 % whole maize 
than when it contained 50 % whole wheat. 

The endosperm of these tw^o cereals, white flour and maize “grits,” we 
found, on the other hand, to be about equally low in vitamin Bg content. There¬ 
fore, if this vitamin be held to be a preventive of pellagra, white flour and 
maize endosperm should be equally conducive to the disease. This is possibly 
the case. Goldberger, Wheeler and Stucker [1920], in their field studies, found, 
when considering the poorest households with low supplies of fresh meat and 
milk, that no regular inverse ratio could be made out between the incidence of 
pellagra and the amount of white flour consumed. A rise in the household 
supply from 3 to IG lbs. per adult male over a 15-day period did not cause any 
regular fall in the percentage of households affected by the disease. In the 
first report of the Thompson, McFadden Pellagra Commission [Siler, Garrison 
and MacNeal, 1913j it was stated that in the pellagra-affected districts studied, 
“wheat flour, in the form of bread or biscuit, is the principal bread-stuff, and 
corn-meal, while extensively used, is not nearly so staple an element of the 
dietary as wheat flour,” It is possible that, where it is the custom to eat 
highly milled cereals, as in the United States, the more frequent association 
of pellagra with a maize than with a wheat diet is accidental, depending on 
other deficiencies in the diet of the maize eater. A maize diet is usually 
associated with poverty and marked by a shortage of such expensive foodstuffs 
as milk, meat and eggs. 

Pellagra seems to be a disease of recent origin in the United States, Accord¬ 
ing to Wood [1909], only sporadic cases were reported before 1909, and modern 
methods of milling are often held to be responsible for its recent increased 
prevalence. Our results support this to some extent, at any rate as far as 
wheat is concerned, since of all the cereal products examined we found wheat 
bran and wheat embryo richest in vitamin Bg. 

Here again our results conform with those of Goldberger and his colleagues 
[1927, 1928, 2] on pellagra and black-tongue. A diet containing 60 % of maize 
germ meal cured two rats suffering from severe dermatitis, but since only 
poor growth occurred with a diet containing 30 %, maize germ meal must be 
considered a low source of the vitamin. Wood [1920] claimed to have fed 
^Biochem. 1929 xxra 
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pellagrins on maize germ with prompt improvement. In our own experiments 
whole yellow maize as source of vitamin Bg gave better growth than yellow 
maize “grits ’’ (endosperm), showing that vitamin Bg is lost in milling, *This is 
more definitely the case with wheat, and it may be that the onset of pellagra 
in the United States coincided with the introduction of standard highly milled 
wheat and maize flour. 

Evidence of the identity of vitamin Bg deficiency in rats, of pellagra in man, 
and of black-tongue in dogs, is given in Table VL The substances tested for the 
pellagra-preventive factor by Goldberger and his colleagues were given as 
daily additions to a daily diet of 400-500 g. (dry weight), equal to 2000-2500 
calories. In the black-tongue experiments the test substances were incor¬ 
porated in dietary mixtures of 400-500 g. (dry weight). From the tables given 
by these workers the percentages of the test substances in the diet have been 
roughly calculated. 

There is very fair agreement in the effects of the various foods on the three 
conditions, and there seems little doubt that the condition produced in rats 
by a diet deficient in vitamin Bg is the analogue of human pellagra. We suggest 
that our method might be useful in tackling any problems in the human disease 
that remain to be solved. 

It is worth noticing that the rat, as compared with man and the dog, is 
relatively insusceptible to pellagra. Diets that produce florid pellagra in man 
and black-tongue in dogs do not cause dermatitis in rats, and only a rigorous 
purification of the basal diet can ensure the appearance of symptoms. 

Summary. 

(1) The method previously described by Chick and Roscoe [1928] has been 
used for estimating the vitamin Bg value of foodstuffs. The special features of 
this method are (a) elaborate purification of the caseinogen in the basal diet, 
and (6) the use of Peters’s antineuritic concentrate as source of vitamin Bj. 

(2) The vitamin Bg value of a substance was estimated by the minimum 
amount required to support normal increase in body-weight (11-14 g. per 
week) in young newly weaned rats receiving, apart from the test substance, 
a diet complete in all respects except vitamin B 2 . For one week previous to 
the test the rats were maintained on a diet entirely free of both the B vitamins. 

(3) Control rats from each litter used were fed on the basal diet, complete 
except for vitamin Bg. All remained stationary in weight and the majority 
developed skin symptoms. 

(4) Some curative experiments on such rats suffering from dermatitis were 
carried out with materials containing vitamin Bg. In these amelioration of 
symptoms and resumption of growth were parallel. 

(6) The vitamin Bg value of wheat and maize is poor, that of maize being on 
the whole the lower in the samples examined. In wheat the germ and bran are 
better sources than the endosperm, and about equal to each other. Jn maize 
the germ is not so rich a source, but whole maize is better than maize endo¬ 
sperm, # 
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(6) Dried peas have a low vitamin Bg content. 

(7) Dried ox liver, jeast and fresh whole milk are excellent sources of 
vitamin Bg.’ Dried meat and egg yolk are less good but richer than cereals. 

(8) The relation of vitamin Bg to Goldberger’s '‘P. P.” factor and to the 
factor preventing black-tongue in dogs is discussed. It is noted that so far the 
distribution of all three has been found to be identical. 

(9) Some problems in the epidemiology of pellagra are discussed on the 
assumption that vitamin Bg is identical with Goldberger’s pellagra-preventive 
factor. 

We acknowledge with thanks the help we received in this investigation 
from Messrs A. and E. Robinson, Ltd., from whom we obtained our wheat 
samples, and we are especially grateful to Mr Ellis, of that firm, who put his 
wide knowledge of wheat milling at our disposal. We acknowledge also assist¬ 
ance from Messrs R. and W. Paul, Ltd., who kindly supplied us with maize 
samples and necessary information. 

We also wish to record our gratitude to Sir C. J. Martin and Dr H. Chick 
for their constant advice and criticism. 
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LVI. A METHOD FOR THE ASSAY OF THE 
ANTINEURITIC VITAMIN Bj, IN WHICH 
THE GROWTH OF YOUNG RATS IS 
USED AS A CRITERION. 

By HARRIETTE CHICK and MARGARET HONORA ROSCOE. 

From the Departynent of Experimental Pathology, Lister Institule, London. 

{Received May 7th, 1929.) 

The antineuritic vitamin (vitamin in the nomenclature provisionally 
adopted by the Biochemical Society) was discovered in 1897 by Eijkman 
[1897] and was recognised by its ability to prevent and cure polyneuritis 
which developed in birds fed upon a restricted diet. The general distribution 
of thjs vitamin in natural foodstuffs was worked out by Eijkman and his 
colleague Grijns [1901] and quantitative assay was later attempted by Cooper 
[1913,1914] and by Chick and Hume [1917,1, 2] by comparison of the minimal 
doses required to prevent (or cure) the polyneuritis of pigeons fed upon a 
diet of polished rice. 

The antineuritic B^ vitamin was formerly believed to be identical with, 
and is now known to be one constituent of, the complex "‘water-soluble B” 
discovered by McCollum and Davis [1915, 1] and found by them to be 
necessary in a diet to ensure normal growth in young rats. 

It is now certain [Goldberger et ah, 1926; Chick and Roscoe, 1927] that 
the antineuritic vitamin Bj, equally with the second identified constituent of 
“water;Soluble B,” viz. the heat-stable, antidermatitis, (?) antipellagra, 
vitamin Bg, is necessary for normal growth of young mammals. Young rats 
just weaned are so sensitive to absence of vitamin B^ that they seldom 
survive more than 3~4 weeks even if vitamin Bg is provided, death usually 
taking place from inanition without symptoms of paralysis. If, however, 
the antineuritic vitamin is administered before the condition of the animal 
is too far advanced recovery takes place and normal growth is established. 
In rats the suddenness of death and the inconstancy of the symptoms following 
vitamin B^^ deficiency make it impossible to assay this vitamin by any method 
based upon cure or recovery in the acute stage. But if foodstuffs containing 
this vitamin are administered as soon as the animaFs weight has become 
stationary the increase in body weight which follows can be used as a criterion 
for estimating the content of vitamin in the material fed. 

The present method for assay of this vitamin has been developed along 
the lines of that previously described for the assay of vitamin Bg [Chick and 
Roscoe, 1928] and used by Aykroyd and Roscoe [1929] in their study of the 
distribution of this vitamin. In that method the provision of vitamin B^ 
unaccompanied by vitamin Bg is conveniently arranged by admitustering 
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Peters’s antineuritic concentrate prepared from yeast. But in the analogous 
method for assay of vitamin the provision of vitamin Bg unaccompanied 
by the former is not so easy. We have used washed brewery yeast, autoclaved 
at 120° for 5 hours, which retains about one-half the vitamin Bg potency of 
the original yeast and is at the same time practically devoid of vitamin B^^. 
Sometimes, however, traces of vitamin Bj^ appear to survive this treatment, 
the result, doubtless, depending on the amount of vitamin B^ contained in 
the original yeast. Another drawback to the use of autoclaved yeast is its 
tendency to cause diarrhoea. Further heating to destroy all traces of vitamin 
Bj is not advisable, for the amount of the deleterious substances would thereby 
be increased, and as more vitamin B 2 would also be destroyed, larger doses 
would be required. 

The occurrence of diarrhoea complicates experiments with B vitamins 
for two reasons. If severe, the animal naturally suffers apart from any 
dietetic deficiency; if slight, the loose stools passed do not fall cleanly through 
the meshed wire floor of the cage [Chick and Roscoe, 1928, p. 796] and more 
opportunity is afforded for faeces-eating, which is a common habit among 
rats deprived of B vitamins and tends to mitigate the effects of the deficiency 
[Steenbock, Sell and Nelson, 1923; Kennedy and Palmer, 1928]. 

A more convenient, but, for reasons stated below, less satisfactory, source 
of vitamin Bg free from vitamin Bj was found in the fresh white of hen’s 
eggs, a surprising fact, since the yolk contains both factors in abundance. 
One can only conclude that the yolk membrane is impervious to the passage 
of vitamin Bj. 

A basal diet (E.L. diet) was prepared, in which the purified caseinogen of 
our usual ‘"-B” diet (P 2 L diet) was replaced by egg-white (see Table I). The 
relative amounts of dry constituents were the same as in the P 2 L diet, the 
protein amounting to 20 % in either case. In preparing the diet the egg- 
white is separated from fresh eggs and coagulated by heating in a double 
saucepan containing boiling water, put through a mincing machine and then 
thoroughly mixed with the dry constituents of the diet, the small extra 
amount of w^ater being worked in afterwards. The prepared diet is steamed 
for 3 hours at 100° in order to cook the starch thoroughly and prevent the 
risk of ‘‘refection” [Fridericia et aL 1928; Roscoe, 1928]. 

Table I. Basal diets y^sed in the stndy of the {antineuritic) vitamin 


E.L. (egg-white) diet, (g.) I^L (caseinogen) diet, (g.) 


Egg-white 800. Protein 

Water 

100 

700 

Purified caseinogen 

100 

Rice starch 

300 

Rice starch 

3(Xl 

Cotton seed oil 

75 

Cotton seed oil 

75 

Salt mixture (McCollum’s 185) 

25 

Salt mixture (McCollum’s 185) 

25 

Distilled water 

50 

Distilled water 

500 


1260 


1000 


0*4 g. autoclaved yeast daily was given to rats on diet to provide vitamin . Cod-liver 
oil, to supply vitamins A.and D, was administered to all rats separately by hand, 3 to 5 drops 
(0*05 g. to 0*1 g.) according to the size. 




500 


H. CHICK AND M. H. ROSCOE 


Young rats (40-50 g. weight), receiving the egg-white diet shortly after 
weaning, usually continued to grow for 2-3 weeks, after which the ’’height 
declined for lack of vitamin Death occurred if this was unchecked, but 
if Peters’s antineuritic concentrate were given (0*1 cc. daily, equivalent to 
0*6 g. dry yeast), the animals recovered and began to grow at the normal rate. 
In many cases they continued to grow normally for several weeks but a 
check was usually observed sooner or later before maturity was reached. 

With young rats on the PgL (caseinogen) diet supplemented with 0-4 g. 
autoclaved yeast daily to provide vitamin Bg, the preliminary period of 
growth generally lasted a week or twO longer, owing possibly to traces of 
undestroyed vitamin Bj^, which had survived the strong heating. In some 



Fig. 1. Failure to grow of young rats from Litter 1184 on diets deprived of the antineuritic 
vitamin Bj, but containing egg-white (diet E.L.) and autoclaved yeast, respectively, as 
sources of vitamin Bg. 

Rats 414 and 410 restored by equal doses of the same vitamin Bi-containmg yeast 
extract; rat 407, by Peters’s antineuritic concentrate. 


instances the degree of growth displayed later during recovery, during the 
test of the vitamin B^-containing material, was also greater than in rats 
receiving the egg-white diet. But in many cases concordant results were 
obtained when two rats of the same sex and litter, after suitable preparation 
on the two respective diets, received the same dose of vitamin (see 
Table II). This is illustrated by the weight curves of the four rats shown in 
Fig. 1. Two rats, 407 and 410, received E.L. diet and began to decline in 
weight after 2 weeks. After 4 weeks407 was in extremis but was revived by 
a daily dose of Peters’s antineuritic concentrate. Of tbe two rats on ^tdiet 
PgL with a daily addition of 04 g. autoclaved yeast, 414 also grew for 2 weeks 
and then rapidly lost weight, but rat 412 was more resistant and attained the 
weight of 73 g. on this diet and after 6 weeks showed no sign of vitamin 
deficiency, although the body weight (68 g.) was then slowly falling. 

Rats 414 and 410, after 2| weeks and 3 weeks on their respective diets 
deprived of vitamin Bj, were treated with the same dose of a yeast fraction 
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containing this vitamin. The degree of growth induced was the same in both 
cases (see also Table II, Exp. 1), 

In Table II are collected the results of a series of tests in which similar 
doses of vitamin Bj-containing materials were administered to pairs of rats 
prepared respectively on the two different basal diets. In series (a) the results 
are fairly concordant, in series (6) the rats receiving autoclaved yeast grew 
somewhat better than those on the egg-white diet. 

It is hoped to make a survey of the antineuritic (vitamin B^) content of 
some of the commoner foodstuffs for comparison (a) with that already made, 
using prevention and cure of polyneuritis of birds as a criterion, and (b) with 
the distribution of vitamin Bj already published by Aykroyd and Roscoe 
[1929]. If the unit of vitamin Bj be defined as the dose required to restore 
normal (11-14 g. weekly) growth to a young rat, of which the growth has 
failed on a basal diet deficient only in vitamin B^ and containing excess of 
vitamin Bg, the assay of a foodstuff consists in determining the minimal dose 
necessary for this degree of restoration. 


Table II. Com/parison of (antineuritic) vitamin assay using basal diets con¬ 
taining egg-white (diet E.L.) and autoclaved yeast (diet P.Y.) respectively as 
sotirces of vitamin Bo . 










Body 


Weekly increase 










wt, 


in wt, 


Series 

Exp. 


Material 

Daily dovse 

Litf-er 

Rat 

g- 

Diet 

g- 

At. 

(«) 

1 

Yeast 

Fraction 

X5 

Equiv. to 0-12 g. dry yeast 

1184 

410 9 

50 

E.L. 

13,16,12 

14 





„ 

414$ 

51 

P.Y. 

17,12,16 

15 


2 



XIsC 

0-25 

1173 

397 9 

59 

E.L. 

9,14 

11*5 







1184 

406 cT 

61 

P.Y. 

11,14 

12*6 


3 



XIIC 

„ 0-25 

1184 

409 9 

45 

E.L. 

21,le3, 14 

16 







1173 

396 9 

39 

P.Y. 

16,13, 7,10 

11‘5 


4 



XII Ca 

„ 1*0 

1118 

3730 

49 

E.L. 

22 

22 







1117 

361 J 

43 

P.Y. 

23,34 

28 





XII, 

„ 0-12 

1118 

368 0^ 

51 

E.L. 

20,17,11,15,14 

15 







1117 

360 c? 

40 

P.Y. 

18,17,7,17,11 

14 

il>) 

0 



XIIj C 

M 0'25 

1291 

462 0^ 

46 

E.L. 

15,18, 20,21 

18-5 






1298 

470 

41 


17,13,18,16 

16 







1291 

459 0" 

61 

P.Y, 

26,21; 18, 13 

19*5 







1298 

468 f? 

54 

,, 

28,10,18,15 

18 


7 

Dried 

egg yolk 


0-5 g.-1*9 fresh 

1291 

4(54 9 

40 

E.L. 

2,2,1 

2 






461 9 

51 

P.Y. 

7,3, -1 

3 






1*0 g. ==3-9 fresh 

1291 

465 9 

38 

E.L. 

16,18,13, 8 

14 






* 

1298 

460 0^ 

72 

P.Y. 

26,19, 12, 9 

18-5 


The basal diet containing egg-white as source of vitamin Bg would be in 
every way the more convenient of the two diets described, were it not that 
^ this diet, even when supplemented with adequate vitamin B^, as Peters’s 
antineuritic concentrate, does not maintain growth of rats to maturity. 
That egg-white contains in abundance the antidermatitis vitamin is shown 
by the many satisfactory cuires of >the “pellagrous” condition which have 
been obtained with comparatively small doses [Aykroyd and Roscoe, 1929]. 
It would seem that some third factor in the vitamin B complex, other than 
vitamins and Bg, is present in autoclaved yeast, and lacking in egg-white. 
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The heat stability of this hypothetical third substance is an argument against 
its identity with those suggested by the work of Williams and Waterman 
[1927, 1928] and of Reader [1928]. 

The matter is being investigated further. So far our observations do not 
permit a definite conclusion to be drawn upon the extent to which the 
absence of this hypothetical third factor may affect the validity of the 
test for vitamin described in this paper. In a few instances the growth 
of rats has become subnormal in the first few weeks after weaning, but it has 
usually remained unaffected until at least 6“10 weeks after weaning (about 
9-13 weeks from birth), by which time the animal has attained a body weight 
of 100-130 g. No symptoms of ill health have been found in rats observed 
for three to four months after growth has become sub-normal. Nevertheless, 
pending the results of further investigation it seems safer, in the assay of 
vitamin , to use autoclaved yeast as the source of vitamin B 2 in the diet 
rather than egg-white. 

vSuMMARy. 

1. Methods are described for assay of the antineuritic vitamin Bj, using 
growth of young rats as a criterion and basal diets in which the more heat- 
stable vitamin Bg is supplied by fresh egg-white or by yeast autoclaved at 
120*^ for 5 hours. 

2. Fresh egg-white, while rich in vitamin Bg, is devoid of vitamin B^. 
With autoclaved yeast there is a risk that traces of vitamin Bj which have 
escaped destruction in the autoclave may be present. Nevertheless auto¬ 
claved yeast is to be preferred to egg-white for the reason given in 3, below. 

3. Diets otherwise complete, which contain egg-white and Peters’s anti¬ 
neuritic concentrate as sources of vitamins Bg and B^ respectively, are 
frequently found unable to maintain normal grovd^h of rats beyond a few 
weeks after weaning. After this period growth is subnormal. It is suggested 
that a third hypothetical dietary factor may be present in the vitamin B 
complex, which factor is heat-stable, present in autoclaved yeast and lacking 
in egg-white. 

4. If the unit of vitamin B^ be defined as the amount which will restore 
nori^al growth (weekly increase in weight of about 10-14 g.) in young rats 
whose growth has failed on a basal diet deficient only in this vitamin, assay 
of a foodstuff for content of vitamin B^ would consist in determination of the 
thinimum dose necessary to restore this degree of growth. 
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LVII. AN ATTEMPT TO SEPARATE VITAMIN 
FROM VITAMIN B, IN YEAST AND A COMPARISON 
OF ITS PROPERTIES WITH THOSE OF THE 
ANTINEURITIC VITAMIN 

By HARRIETTE CHICK and MARGARET HONORA ROSCOE. 

{From the Department of Experimental Pathology, Lister Institute, London,) 

{Received May 7th, 1929,) 

Yeast contains both constituents of the ‘‘water-soluble B” vitamin, vitamins 
Bjl and B 2 , in abundance^ and seeing that the antineuritic (vitamin Bj) con¬ 
centrate prepared by the method of Peters [1924] is free from vitamin Bg 
[Chick and Roscoe, 1927] our fir'st endeavour towards the separation of this 
vitamin was to scrutinise every stage of the process to find where the dis¬ 
appearance occurred. 

Our method has been that of Kinnersley and Peters [1925, 1927] with a 
few modifications. 10—12 kg. of pressed, brewery yeast were washed three or 
four times with cold tap water. The pressed yeast was puddled with water 
t(f the consistency of cream, filtered on a Gooch filter, using slight suction, 
and finally sucked dry or pressed in a hand press, this process being repeated 
three or four times until the filtrate was of a pale straw colour. After removal 
of a small sample for determination of the dry weight, the wavshed, pressed 
yeast (in the proportion of 1 kg. pressed, or 200 g. dry, yeast to 2-3 litres 
water) was thrown into boiling tap water containing 0*02 % acetic acid; this 
was raised again to the boiling point and allowed to boil for 5 minutes and 
filtered. This extract (“Fraction 5’’) about 20-30 litres in volume, was then 
treated with 25 % lead acetate solution till no more precipitate was formed 
{ca. 55-80 cc. per litre of extract), the whole allowed to stand overnight and 
then filtered. To the filtrate (“Fraction 4”) baryta, at first solid and then as 
saturated solution, was added, till no more precipitate formed. As the re¬ 
sulting solution is alkaline, filtration was carried out at once and the filtrate 
^ acidified with strong H 2 SO 4 until a of about 4*0 was reached (using the 
indicator bromocresol green or Congo red). The solution, heated to assist 
agglutination of the precipitated BaSO^, was filtered, and to the filtrate 
Hopkins’s reagent (10 % solution of HgSO^ in water containing 70 cc. H 2 SO 4 
per litre) was added to the jpoint of most complete precipitation (25--50 cc. 
per litre of filtrate). In order to remove any traces of lead and mercury that 
might be present, H^S was passed through the filtrate to saturation and the 
whole allowed to stand several hours in corked bottles; on heating the solution, 



VITAMINS Bi AND 


505 


the metallic iSiilphides settled well and could readily be filtered. If the previous 
precipitation with bar 3 rfca is omitted, these sulphides tend to remain in the 
colloidal form and are separated with difficulty. The reaction of the filtrate 
was then carefully adjusted to the neutral point (using litmus or phenol red) 
and treated twice with norite charcoal which had been purified before use by 
boiling with dilute hydrochloric acid and thorough washing with distilled 
water to remove all traces of acid. The charcoal was filtered off, washed and 
sucked dry on a Gooch filter and the filtrate treated with a second quantity, 
60-70 g. norite per kg. dry yeast were used in each adsorption. Both portions 
of charcoal were boiled two or three times with fresh quantities of dilute acid 
alcohol (50 cc. alcohol, 50 cc. water, 1 cc. concentrated hydrochloric acid) 
and the combined extracts reduced to a convenient bulk (the equivalent of 
6 g. yeast contained in 1 cc.) by distilling under reduced pressure at a tem¬ 
perature of 40 to 50°. 

After each precipitation a portion of the filtrate was set aside and examined 
by the method already published [Chick and Roscoe, 1928] for its content 
of vitamin Bg. It is necessary to work quantitatively, determining in each 
case the minimum dose required to maintain a standard degree of growth 
(a weekly increase in body weight of 11-14 g.) and referring the dose given 
to the equivalent amount of the original dried yeast. 


Table I. Details of preparatioii from Yeast V of Peters's aniineuritic vitamin 
concentrate, and results of tests of filtrates at each stage for content of 
vitamin . 


l)ose given, 

expressed as Average 

equivalent of No. of growtli 




dry yeast 

rats 

g. per 

Process 

Material te-slKl 

g- 

observed 

w'eek 


Dried yeast (from Tahh' 111, 

0-2 

— 

n 


Chick and Ro.scoe [1927]) 

0-4 

__ 

23 

1. Extraction of pressed, washed Yeast V with 

Fracti-on 5. Filtrate from 1 after 

0-25 

3 

12 

boiling water containing O-Ol % acetic acid 

evaporation to sfiiall bulk 

0-5 

1-0 

3 

3 

21 

29 

2. Precipitation with Pb acetate at 4-7 (800cc. 

25 % Pb acetate soln. per kg. dry yeast) 

Fraction 4. Filtrate from 2 after 
evaporation to small bulk and 
removal of Pb with H 2 SO 4 

1-0 

2 

14 

3. Precipitation with baryta and acidification 

Fraction 3. Filtrate from 3 after 

20 

2 

6 

with HaSO, to py:, ca, 4-0 to precipitate 
BaSO, 

evaporation and partial neu- 
tnilisation with removal of 
any further traces of BaSO* 

3-4 

2 

lot 

4,, Precipitation \vith acid mercuric sulphate, 

Fractum 2. h'iltrate from 4 after 

DO 

1 

0 

Hopkins’s i‘eagent (260cc, per kg. dry yeast), 
and removal of traces of Hg by HjS 

evaporation to small bulk 

20 

1 

0 

30 

1 

2 

5. Adsorption of vitamin B, by treatment with 
norite (100 g. norite per kg. dry yeast, in 
two portions) after neutralisation 

Fraction 1. Filtrate from norite 
after evaporation to small bulk 

4-0 

2 

2-5 


Method of Chick and Eosc(,W 3 [1928], Growth of young rats observed for 2-4 weeks on a diet deprived of Bg vitamins, 
but receiving vitamin as 0*1 cc. {*=0*6 g. yeast) Peters’s antineuritir concentrate. 

t A einular fraction prepared from yeast VII was used for part of this test. These tests followed on those of the 2-0 g 
doses. 


In Table I are set out the details of one such preparation, viz. from 
Yeast V. There was little loss of vitamin in Fraction 5, the first extract 
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from the yeast with acidified boiling water. The average weekly growth-incre¬ 
ments of young rats receiving daily doses equivalent to 0*25 g. dried yeast 
were 12 g., about the same as that of rats receiving 0*2 g. daily of dried yeast; 
daily doses equivalent to 0*5 g. dried yeast had about the same efiect as 
0*4 g. dried yeast. 

During precipitation with lead acetate there was a loss. Daily doses of 
the filtrate, Fraction 4, equivalent to 1*0 g. dry yeast produced an average 
weekly increase in weight of only 14 g. in two male rats, whereas an equivalent 
amount of Fraction 5 induced about twice as much growth (29 g.). 

The precipitation with baryta caused a further loss in vitamin Bg and, 
after precipitation with mercuric sulphate and subsequent removal of traces 
of mercury from the filtrate with SHg, the filtrate contained no significant 
amount of this vitamin. Doses equivalent to 2 or 3 g. of the original dried 
yeast did not produce more growth than occurred in some control animals 
on the basal diet. 

One may, therefore, conclude that about one half to three-fourths of the 
vitamin Bg contained in the original yeast is carried down with the lead 
acetate precipitate; of the remainder, the greater part (about two-thirds) dis¬ 
appears with the precipitate formed by baryta, and the rest with that given 
with acid mercuric sulphate. Attention was, therefore, directed to the pre¬ 
cipitation with lead acetate. 

In fluence of hydrogen ion concentration on the amount of vitamin 
carried down by lead acetate. 

In the Peters process as described above, the precipitation takes place 
at a of about 4*5-4*7 (bromocresol green). We tried precipitation at pji 2*6 
(bromophenol blue), this being the degree of acidity attained during the pre¬ 
cipitation with Hopkins's reagent in the above process, when the last remaining 
traces of vitamin B 2 were found to be adsorbed. Precipitation with lead 
acetate at 6*3-8*9 (using bromocresol purple and phenol red as indicators) 
was also tried. 

At p^ 2*6 less than one-half the vitamin B^ present was removed by lead 
acetate, at p^ 4*7 about three-fourths. In neutral or slightly alkaline solution 
the experiments indicated that all was carried down. Whereas of the original 
extracts the equivalent of 0*25 g. to 0*5 g. dry yeast, respectively, supported 
normal growth, little or no growth was induced by doses of the filtrates 
*^equivalent to 1*0 or 2*0 g. dry yeast (for details see Table II, Fractions 4, 
Yeast VIII and Yeast X). Unfortunately, as will emerge later, none of these 
precipitates with lead acetate was consistently free from vitamin B^. 

Recovery of vitamin B^from the lead acetate precipitate. 

Vitamin Bg can be recovered by decomposing the lead acetate precipitate 
with sulphuretted hydrogen. If the reaction is acid, however, the lead sul¬ 
phide remains in colloidal solution, owing to the action of the yeast gum which 
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possesses an alkaline isoelectric point. If the solution is brought to pu 8-9 
(thymol blue) the lead sulphide separates readily, but in that case vitamin Bg 
is adsorbed on the precipitate and the solution correspondingly impoverished. 
To prevent loss in this way the reaction should not be less acid than 3*0 
(bromophenol blue). The technical trouble caused by the yeast gum at a 
higher can be overcome by hydrolysing it in the original extract. 


Table II. Influence of hydrogen ion concentration upon the removal of vitamin 
{and Bf)from an extract of brewers' ijeast by precipitation with lead acetate. 

Estimation of vitamins and B^ in the filtrates and in the solutions obtained by decomposition of the precipitate by 
methods of Chick and Roscoe [1928] and [1029j respectively. 

lk)se (expressed as equi- 

Vitamin B^ Vitamin Bj valent in of dry 
content content yeast) required to give 

/-^ r ~—"-^ normal (11-14 g. weekly) 



Dose given 

No. of 

Av. 

No. of 

Av. 

increase' in weight 


expressed as 

rats 

growth 

rats 

growth 

as source of 


equivalent of 

ob- 

g. per 

ob- 

g. per 






Material 

dry yeast (g.) served 

w<'ek 

ser^-ed 

vve43k 

Vitamin Bj 

Vitamin B, 

Yeast VIII: 

ro -12 

2 

7 



1 


Fraction 5. Extract with dilute acetic acid 

^ 0-25 

4 

11 

— 

— 

y 0-25 

— 


t{)-5 

1 

18 

— 

— 

J 

— 

Fraction 4. Filtrate after iirecipitation of 

0-5 

3 

13 

— 

__ 

0-5 

— 

Fraction 5 with Pb acetate at pu 2-6 
Fraction 4. Filtrate after precipitation of 

10 

1 

13 

_ 

_ 

1-0 

_ 

Fraction 5 with Pb acetate at pjj 4-7 
P'raction 4. P^iltrate after jm^cipitation of 

/0-5 

1 

0 



/No growth 


Fraction o with Pb acetate at />jj 6 -d 

\M) 

1 

0 



/ with 1-0 

■— 

Fraction 4. FiltraU^ after precipitation of 

10 

3 

0 

— 



— 

P'raction 5 with Pb acetate at ;q:j 8-9 








Yeast X: 








Fract ion 5 

r 0 ' 2 t> 

4 


— 


|o-25 to 0-5 


Fraction 5, after hydrolysis 1 hour ICKf at 

()-5 

3 

13 

— 

— 

— 

Ph 

[0-25 

1 

13 

— 

— 


Fra(“tiun 4. Filtrate after precipitation with 

TH) 

1 

7 

— 

-- 

1 > 2-0 


Pb acetatt' at pjj 7 2 

\ 2 -U 

3 

4 


— 


P'raction Q by decomposition with tSHj of pre¬ 
cipitate formed with Pb acetate at pn 

fO-5 

J 1*0 

1 

1 

10 

11 

1 

i 

1 

0-2 

jo-5 to 1-0 

> 2-0 

U-O 


1 

0-3 

P'raction Caby decomposition with Sil, of pre¬ 
cipitate formed with Pb acetate at r5 

/or) 

\14) 

3 

1 

11 

14 

1 

1 

7-5 

14 

|o-5 to 1-0 

0-5 to 1-0 

Yeast XI: 








Fraction 6 

0-25 

2 

11 



0-25 

__ 

Fraction C,, fron\ Pb acetate precipitate 

fO-25 

2 

11 

«> 

12 



J 0-5 

2 

9 

1 

18 

V 0-25 

0-25 

formed at pjj 4*7 

[fo 

1 

19 



P'raction Cj, from Pb acetate precipitate 
formed at 7-5 

/0-5 

\l -0 

0 

1 

9 

15 

1 

25 

| 0'5 to 1-0 

< 1-0 

Yeast XII: 

ro -12 



2 

15 



p'raction 6 

i 0-25 

2 

8-5 

— 

— 

>0-25 to 04 

012 


[0-4 

2 

14 


— 

J 


Fraction Cj, from Pb acetate precipitate 

/0-25 


— 

4 

15 

1 05 

0-25 

formed at pg 7*3 

\0-5 

6 

14-5 

1 

20 


The following procedure was adopted. To 1 litre of the original dilute 
acetic acid yeast extract (Fraction 5) were added 10 cc. concentrated hydro¬ 
chloric acid, making the p^ about 1*5 (thymol blue). The mixture was 
heated in steam at 100° for 1 hour, neutralised, the p^ adjusted to about 
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7*5 (phenol red) and 10 % solution of basic lead acetate added till precipi¬ 
tation was complete. The liquor was 'decanted, the precipitate drained on a 
Gooch filter and washed with a small amount of distilled water. If not wanted 
immediately the precipitate can be dried and worked up later, but if kept 
in the moist condition it is liable to become infected with moulds. The preci¬ 
pitate was suspended in water, the reaction adjusted to 3*0 (bromophenol 
blue), sulphuretted hydrogen passed to saturation and the whole shaken for 
about 2 hours. After standing, a clear yellow fluid should separate from the 
lead sulphide* This was filtered, the residue washed, again suspended in water 
and treated with sulphuretted hydrogen, the operation being repeated two 
or three times until the top fluid was colourless. The combined filtrates and 
washings, which were strongly acid, were neutralised with sodium hydroxide 
or baryta (preferably the latter) to ca. pjj 3*0 and evaporated on a water-bath 
to a convenient bulk (1-2 cc. containing the equivalent of 1 g. yeast), during 
which a small additional amount of lead sulphide was often deposited. This 
degree of heating does not seem to impair the activity of the preparation. 
The sodium sulphate present in this final product, referred to as Fraction C 
for brevity, sometimes caused diarrhoea in the doses administered to the rats; 
it can, however, be replaced by sodium chloride if precipitated by barium 
chloride, but care must be taken to avoid any excess. 

Table II gives the details of such preparations made from Yeasts X, XI 
and XII respectively. In addition to the tests for vitamin Bg, the products, 
Fractions C, were also tested for content of vitamin Bg, using the method 
described in the accompanying paper [Chick and Roscoe, 1929J. 

The Fractions Cg, obtained from Yeasts X and XI by decomposition of 
the lead acetate precipitates formed at 7-3 to 7*5, contained about one-half 
of the vitamin Bg present in the respective original yeast extracts (Fractions 6). 
Fraction Cg, obtained in the same manner from Yeast XII, contained nearly 
the whole of the vitamin Bg of the corresponding Fraction 5; normal growth 
was obtained with the equivalent of 0*5 g. yeast, the dry weight of the dose 
(less ash) being 0*03 g. It was, however, admixed with vitamin B^ and although 
it contained only about one-half of that present in the original Fraction 5, 
it was richer in this vitamin than in vitamin Bg. 

By precipitation with lead acetate in neutral or alkaline solution more 
vitamin Bj is carried down than in the weakly acid solution {p^ 4-7) of Peters’s 
original process. It was hoped that by precipitation at 4:-7 a method of 
Reparation would be obtained. From Yeast X a Fraction C^, almost fisee from 
vitamin Bj was indeed obtained from the lead Acetate precipitate formed at 
this p^. However, this was not found to occur uniformly (compare Frac¬ 
tion Cj prepared from Yeast X with Fraction from Yeast XI, Table II). 
The reasofi for the discrepancy^is not obvious but may be due to differences 
in the relative proportions of the two vitamins contained in the original 
yeast extract. 

It is possible that by working throughout in more acid solutions, at 2-0 
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to 3*0, a preparation of vitamin Bg free from Bj might be obtained, but it 
would be very weak. In the experiments made with Yeast VIII (Table II), 
when the lead acetate precipitation occurred at a low , the amount of 
vitamin B 2 adsorbed was much reduced. 

Yeast extract seems to be an unfavourable medium for separation of these 
two vitamins by the type of process here employed, and it is possible that 
success might be attained by working with some other material. Rosedale 
[1927] used a method resembling Peters's for preparing an antineuritic con¬ 
centrate from rice polishings. On decomposing the lead acetate precipitate 
with sulphuretted hydrogen, he obtained a substance which maintained health 
and weight in pigeons but had no curative effect on polyneuritis, although 
affording temporary relief by causing evacuation of the bowel. At the present 
time little is known, except by inference, of the relation of vitamin Bg to the 
nutrition of the pigeon, but it is probable that Rosedale’s preparation con¬ 
tained vitamin B 2 without admixture of vitamin B^^. 

Other methrods tried for separating vitamin B^ from in yexist extracts. 

The vitamin B 2 preparations described above could doubtless be freed 
from vitamin B^ by heating at a high temperature, but the vitamin Bg content 
would be reduced at the same time. The vitamin B^ in yeast was destroyed 
and the vitamin Bg reduced to about one-half the original amount by heating 
to 120° for 5 hours [Chick and Roscoe, 1927, Table III]. 

Our endeavour was to effect a separation by other means than heat, and 
to this end we tried the following: (1) dialysis, (2) solubility in strong alcohol 
and (3) ultra-violet light. None w^as successful, but as the work afforded 
some information as to the properties of these two vitamins it seems worth 
while to place it on record. 


Dialysis, 

Fraction 5 (acetic acid extract) from Yeast X, which contained both 
vitamins B^ and Bg, was placed in a bag of cellophane (a cellulose membrane 
prepared from viscose) and dialysed against distilled water. The solutions 
were acidified to pjj abqut 3*0) and dialysis was carried on in a refrigerator to 
prevent putrefaction. After 4 days, the inside and outside liquors were tested 
for content of vitamins B^ and B 2 respectively. No difference could be de¬ 
tected in the concentration of vitamin Bg in the fluid inside and outside the 
membrane. Vitamin also passed freely through the membrane (see Table III, 
exp. 1). 


Solubility in alcohol, 

Tljere are many facts in the literature indicating that the antineuritic 
(vitamin B^) component of the complex ‘‘water-soluble B” is more readily 
soluble in strong alcohol than the more heat-stable (vitamin Bg) component. 
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Table III. Influence of dialysis, ultra-violet irradiation, and alcohol upon 
vitamins By and B^ respectively contained in a dilute acetic extract (Fraction 5) 
from yeast. 


Methods of assay as in Tables I and 11. 


Exp. 

1 


2 


Material 


Dialysis: 

Yeast X, Fraction 5 (extract in dilute acetic acid) 
Yeast X, Fraction 6 . Dialysed: outside liquor 
inside liquor 


Effect of ultra-violet light: 
Yeast XII, Fraction 5 


Yeast XII, Fraction 5. Irradiated with ultra-violet light 

for 6 hours 


for 12 hours 


Solubility in alcohol: 

Yeast XII, Fraction 5. See above exp. 2. 

Yeast XII, Fraction 5, after drying and exposiu’e to air 
for 19 days 

Yeast XII, Fraction 5, after drying and exposure to 
94 % alcohol for 19 days 

Yeast XII, Fraction 5. Fraction soluble in 92 % alcohol 


Yeast XII, Fraction 5. Fraction insoluble in 92 % alcohol 



Vitamin content 

Vitamin 

content 

Dose given 


Average 

( 

Average 

expressed as 

No. of 

gn)wth 

No. of 

growth 

equivalent of 

rats 

g. per 

rats 


dry yeast (g.) observed 

week 

observed 

week 

0-25 

4 

9 

_ 

_ 

0*5 

3 

13 


— 

0-25 

1 

8 

1 

10 

0*5 

1 

12 

1 

14 

0-25 

1 

8 

— 


0-5 

1 

15 


— 

0-32 



2 

15 

0-25 

2 

9 

—. 


0-4 

4 

14 

— 


1 

'012 

_ 

— 

2 

IDS 


0-25 

1 


__ 


1 

^0-5 

1 

8 

— 

— 


ro -12 

— 

— 

2 

7 

1 

1 ()‘ 2 r> 

— 

— 

1 

8 

1 

|0-5 

1 

4 

__ 



LO-75 

1 

9 

— 

— 


(V4 

2 

13'5 

— 

— 

0-4 

2 

11 

- 


f0*25 

__ 

__ 

2 

12 

0-5 

2 

2 

— 

— 

ll-O , 

2 

0-5 

__ 


ro -12 


— 

] 

10 

0*25 

— 

— 

1 

10 

[0-5 

3 

9 

— 



The antiberiberi, antineuritic vitamin, has long been, known to be soluble in 
alcohol in strengths ranging from 88 % to absolute [Fraser and Stanton, 1910; 
Eijkman, 1911; Chamberlain and Vedder, 1911; Kinnersley and Peters, 1925, 
and others]. It was further observed by Schaumami [1911] that extracts 
made with 96 % alcohol from yeast or rice bran, while potent in the cure 
and prevention of polyneuritis, could not maintain the body weight of the 
experimental animals, whereas equivalent amounts of the original materials 
could do both. Drummond [1917] found it impossible to obtain a satisfactory 
^ extract of the complex formerly known as “water-soluble B” with absolute 
alcohol, but succeeded with 70 %. This discrepancy in alcohol-solubility be¬ 
tween the antineuritic vitamin and the complex water-soluble B was one of 
the facts throwing doubt on the supposed identity of these two dietary 
factors [Mitchell, 1919]. 

After demonstrating the existence of the two vitamins in water-soluble B, 
Goldberger and his colleagues [1926] found an 85 % (by volume) alcoholic 
extract of white maize to be rich in the antineuritic vitamin Bj, but deficient 
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in the heat-stable P-P (vitamin Bg) component. They write, ''we have gained 
the impression that' P-P ’ is relatively much more soluble in acidulated water 
than in 86 % alcohol, whereas the antineuritic factor is soluble in both.'’ In 
a recent paper Sherman and Sandels [1929J find vitamin Bg ('vitamin G’) to 
be insoluble in 95 % alcohol. 

We have fully confirmed the conclusions of Goldberger and his colleagues 
and consistently find vitamin Bj soluble, and vitamin Bg insoluble, in alcohol 
of concentrations from 83 to 93 % by weight. But we have not been able to 
effect a satisfactory separation of the two vitamins in this manner. After 
the final recovery from the insoluble residue the vitamin Bg was reduced in 
amount, suggesting that this vitamin was destroyed by contact with alcohol 
or by some other conditions experienced during the operation. Sherman and 
Sandels [1929], whose work appeared after these experiments were complete, 
came to a like conclusion. 

The following illustrates the method used. Fraction 5, the dilute acetic 
acid extract from Yeast XII, was concentrated on a water-bath. Of the 
concentrate, 50 cc., equivalent to 82 g. yeast, were dropped slowly into 2i litres 
of 94 % (by weight) alcohol with vigorous stirring. A precipitate was formed 
immediately. The mixture was shaken for 2 hours and allowed to stand several 
days after which the clear yellow top liquor was siphoned off. The insoluble 
matter was filtered and, after washing, shaken with a fresh amoimt of 94 % 
alcohol and the operation repeated until the alcoholic extract was colourless. 

The combined alcoholic extracts and washings, of which the specific 
gravity corresponded to strengths of alcohol varying from 91 -5 to 93 % alcohol, 
were concentrated to a small bulk at a low temperature under reduced pressure 
and finally taken to dryness at 37° with a fan. This dry residue, which was 
very acid, and the dried insoluble precipitate (= 7*7 g.) were dissolved in 
water and separately tested for content of vitamins B^ and B 2 respectively. 

The results (Table III, exp. 3) showed that about one-half the vitamin B^ 
present in the original material was in the alcohol-soluble fraction. Vitamin Bg 
was not detected in this fraction, but the amount present in the alcohol- 
insoluble portion was only equal to about one-half of that originally present. 

In order to see whether this destruction of vitamin Bg were due to the 
contact with alcohol or to oxidation when in the dry condition, a sample of 
the concentrated yeast extract used for the above experiment was evaporated 
to complete dryness and portions were allowed to remain at room temperature 
exposed to the air, and covered with 94 % alcohol respectively. After 19 days 
the alcohol was blown off the latter at 37° with a fan and the dry residue 
taken up in water and tested for vitamin Bg content. This was compared with 
that of both the original solution and the solution made from the air-dried 
material. The results, set out in Table III, exp. 3, showed that a slight diminu¬ 
tion in potency had taken place in the material which had been in contact 
with alcohol, but the difference was not significant and seemed too small to 
account for the loss experienced in the experiment described above. 

Biooheai, 1929 xxxa y 33 
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Further investigation is needed to elucidate this matter. It may be that 
the destructive effect of alcohol on vitamin Bg depends on the reaction of 
the solution. 

Action of ultra-violet light, 

Hogan and Hunter [1928] reported experiments on growing rats in which 
vitamin B’’ was supplied in the diet respectively by autoclaved yeast or 
yeast irradiated by ultra-violet light. From the results they concluded that 
the heat-labile antineuritic (vitamin Bj) component was resistant to the action 
of ultra-violet light, whereas the heat-stable component (vitamin Bg) was 
destroyed by irradiation. If this were so, an easy method would be available 
for preparing an antineuritic material free from vitamin Bg, which could 
replace Peters’s concentrate in the study of vitamin Bg. 

The action of ultra-violet light was tested upon the dilute acetic acid 
extract, Fraction 5, from Yeast XII, which is rich in both vitamins (Table III). 
The material was concentrated to a small volume (2 cc. containing the equi¬ 
valent of 1 g. yeast) and poured over the surface of a flat white dish, to an 
average depth of about 2 mm. and irradiated at a distance of 40 cm. from 
a mercury vapour arc lamp. From time to time a little distilled water was 
added to prevent drying and the whole well mixed. After 6 hours’ irradiation 
the content of vitamin Bg was found to be reduced to about one-half, while 
that of vitamin B^ had also suffered, though to a less extent. After 12 hours’ 
irradiation, more than half the vitamin Bj originally present had been de¬ 
stroyed. Further destruction of vitamin Bg had also occurred, but this was by 
no means complete (see Table III, exp. 2). 

Summary. 

1. The Peters process, by which an antineuritic, vitamin B^, concentrate 
free from vitamin Bg is prepared from yeast, has been scrutinised to find out 
at which stage the removal of vitamin Bg occurs. 

2. About one-half to three-quarters of the vitamin Bg present in the 
original yeast was carried down in the precipitation with lead acetate at 

4*7. The removal was more complete if the precipitation were carried out 
in neutral or slightly alkaline solution. 

3. If the lead, acetate precipitate is decomposed with sulphuretted 
hydrogen, a clear solution containing vitamin Bg can be separated from the 
lead sulphide if certain precautions be taken. 

The dose of this preparation required to maintain normal growth in young 
rats on diets deprived only of vitamin Bg, contained 0*03 g. dry weight (less 
ash) and was the equivalent of 0-5 g. of the original yeast. 

4. This preparation contained more or less vitamin B^, depending on the 
reaction at which precipitation with lead acetate had been carried out and 
probably on the amount (relative to vitamin Bg) contained in the original 
yeast. 
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5. Vitamin is insoluble, and vitamin is soluble, in alcohol of 92 % 
by weight. The method employed to effect a separation with strong alcohol 
destroyed vitamin Bg. The attempt to prepare a vitamin Bg concentrate free 
from vitamin B^, by the use of alcohol, was unsuccessful. 

6. Both vitamins dialyse freely through cellophane (a viscose preparation 
of cellulose). 

7. Ultra-violet light was found to exert a destructive action on both 
vitamins, vitamin Bg being destroyed at a quicker rate than vitamin B^. 
The result obtained with vitamin Bg confirms the previous observation of 
Hogan and Hunter [1928]. Their conclusion that vitamin B^ is resistant to 
ultra-violet light is not, however, confirmed. 


In conclusion we desire to express our thanks to Sir Charles Martin for 
helping us by his continued advice and criticism. 
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LVIII. THE EFFECT ON VITAMIN OF 
TREATMENT WITH NITROUS ACID. 


By HARRIETTE CHICK. 

From the Department of Experimental Pathology, Lister Institute, London, 
{Received May 7th, 1929.) 

In 1918 McCollum and Simmonds reported that the dietary factor ‘'water- 
soluble B” was resistant to the action of nitrous acid, the activity of the 
vitamin being tested by its power to restore growth in rats where increase 
in weight had failed on a diet deficient in this vitamin [1918]. Levene and 
Van der Hoeven [1926] confirmed this result. They found that the Osborne- 
Wakeman fraction prepared from yeast contained 90-100 % of its original 
vitamin B” potency after deamination. Their tests also involved obser¬ 
vations of the growth of rats [Levene and Van der Hoeven, 1924], but as the 
authors themselves admit [Levene, 1928], the time during which the rats 
were under observation (3-4 days) was too short for trustworthy results. 
McCollum and Simmonds observed the growth of their experimental animals 
over a period of 2 weeks. 

Although the above experiments were made before the composite nature 
of the “water-soluble vitamin B” was recognised, it would be natural to infer 
that treatment with nitrous acid had not destroyed either of the two known 
components, vitamins B^ and Bg, since both are necessary for growth. Peters 
[1924] found his antineuritic, vitamin B^, concentrate prepared from yeast 
to be completely resistant to the action of nitrous acid as tested by its capacity, 
before and after treatment respectively, to euro polyneuritis in pigeons, but 
in a recent paper, Levene [1928] reports the opposite to be true of the heat- 
stable, antidermatitis, vitamin Bg. A vitamin Bj concentrate, prepared by 
adsorption with silica gel from the Osborne-Wakeman fraction of yeast, 
was found to contain a small proportion of the heat-stable, vitamin Bg, 
factor, which could be removed, by deamination. The activity of this vitamin 
js stated to be destroyed by treatment with nitrous acid, while the heat-labile 
(vitamin B^ factor) remains intact. No description is given of the animal 
testa on which this statement is based. 

The suggestion that the activity of vitamin Bg might be dependent upon 
the presence of amino-nitrogen seemed important enough to be worth con- 
firmaticn. Accordingly, the action of nitrous acid was tested on a vitamin 
Bg concentrate prepared from yeast by decomposition with sulphuretted 
hydrogen of the precipitate formed when lead acetatfe is added a dilute 
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acetic extract of washed brewery yeast [Chick and Roscoe, 1929]. This con¬ 
centrate contained about 6 % of the dry weight, 3 % of the nitrogen and 
about one-half the vitamin Bg of the original yeast. The daily dose required 
to maintain normal growth (weekly increase in weight of 11-14 g.) in young 
rats on a diet deprived only of vitamin Bg was 0*03 g. (dry weight, less ash), 
and was contained in the equivalent of 0-5 g. of the original yeast. Vitamin 
was also present. 

Deamination was carried out as follows, using the method described by 
Peters [1924]. To 50 cc. of the preparation (equivalent to 50 g. original dried 
yeast), which was already acid (p^ ca. 3-0), 50 cc, distilled water, 5 cc. of a 
30 % solution of sodium nitrite and 10 cc. of 10 % sulphuric acid were added. 

The mixture was shaken by hand for 5 minutes, left to stand overnight, 
heated next day on a water-bath, and after all foaming had ceased, allowed 
to boil for 10 minutes. Estimations by Van Slyke’s method (15 mins, shaking) 
gave 0-091 % amino-nitrogen (i.e, 0-091 g. per 100 g. of the original yeast) 
in the material before treatment, and this was reduced to about one-sixth, 
viz. to 0-016 % amino-nitrogen after treatment. 

Table 1. Influence of deamination upon the vitamin activity of a prepara¬ 
tion {XIIfu) obtained from brewer's yeast, daily dose 0-5 cc., equivalent to 
0-5 g. dried yeust. 

The rate received diet PgL deprived of B vitamins supplemented by daily doses of cod-liver oil (0-05-0-1 g.), to Movide 
vitamins A and D, and of Peters's antineuritic concentrate (0-1 cc. equivalent of 0*6 g. yeast), to provide vitamin Bi* 


Nitrogen in preparation 

(reckoned per 100 g. of Increa.se in 

original yeast) body weight in 

i r i£i _ L ___ 



X 

Litter 

Rat 

Body wt successive weeks 


Material 

Total Amino 

No. 

No. 

g- 

g- 

Average ^lean 

Before treatment 

0-21 0-091 

1264 

451$ 

36 

15, 12,13 

13-3 1 

with nitrous acid 


1285 

452^ 

41 

16, 11,15 

14 V 14-0 



„ 

455 $ 

35 

18, 14, 12 

14-7 J 

After treatment 

0-13 0-016 

1264 

450$ 

40 

15,14,12 

13-7 1 

with nitrous acid 


12a5 

453 c? 

43 

16,17,11 

14-7 y 13-8 



jj 

454$ 

37 

12,13, 14 

13 J 

No diminution in the vitamin Bg 

potency of the preparation 

could be 


detected. The results of the tests, using our method of vitamin Bg assay 
[Chick and Roscoe, 1928], are set out in the accompanying Table I. Six young 
rats (35-43 g. weight) were divided into two groups, similar in respect of litter 
and sex, and maintained on a basal diet deprived of B vitamins with the 
addition of a daily dose (0*1 cc., equivalent to 0-6 g. yeast) of Peters’s anti¬ 
neuritic concentrate, to provide vitamin B^. One group of rats received the 
vitamin Bg concentrate before treatment with nitrous acid (daily dose equi¬ 
valent to 0*6 g. original dried yeast) and the second an equal dose of the 
material after deamination. Growth of both groups was observed for 3 weeks. 
The rats in the first group showed an average weekly increase in weight of 
14*0 g. and those in the second of 13*8 g., proving that no destruction of 
vitamin B 2 had taken place during treatment with nitrous acid. 
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Summary. 

Levene’s observation that the activity of vitamin B 2 is destroyed by the 
action of nitrous acid is not confirmed. A vitamin Bg preparation from yeast 
was found to possess equal power after and before treatment to induce growth 
in young rats on a diet deprived of this vitamin. 

My thanks are due to Miss M. H. Roscoe for her care of the experimental 
animals used in the tests. 
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LIX. THE APPLICATION OF THE lODIMETRIC 
METHOD TO THE ESTIMATION OF SMALL 
AMOUNTS OF ALDOSES. 


By MORNA MACLEOD and ROBERT ROBISON, 

From the Biochemical Department, Lister histitute, London. 

{Received May 7th, 1929.) 

One of the most interesting facts emerging from the study of the carbohydrate- 
phosphoric esters formed during alcoholic fermentation is the rapid conversion 
of glucose into derivatives of fructose and vice versa. The fermentation of 
either glucose or fructose by yeast juice, dried yeast or zymin may give rise 
to phosphoric esters of glucose, y-fructose, trehalose and possibly of other 
sugars, in proportions which vary within wide limits according to the type 
of yeast and other conditions of the fermentation. For the investigation of 
these products a reliable method for distinguishing quantitatively between 
aldoses and ketoses is much to be desired. 

The reaction between aldoses and alkaline solutions of iodine 
R.CHO -I- I 2 -f 3NaOH - R.COONa + 2NaI + 2 H 2 O 
was first applied to the estimation of sugars by Romijn [1897] who, after 
comparative experiments, selected borax as the most suitable form of alkali. 
At 25^ oxidation of glucose and other aldoses was found to be complete in 
16-22 hours, but ketoses and non-reducing sugars were also oxidised to a 
varying extent. Bland and Lloyd [1914] employed a solution containing 
iodine and sodium hydroxide in equimolecular proportions, and claimed that, 
at room temperature, oxidation of glucose, maltose and lactose was complete 
in 5 minutes, while fructose and sucrose were not attacked. Boiigault 
[1917] and Cajori [1922] used sodium carbonate as the alkali and allowed the 
reaction to proceed for 20-30 minutes at room temperature. Both emphasise 
the necessity of employing a large excess of iodine (three times the theoretical 
quantity). Colin and Lievin [1918] replaced the carbonate by disodium 
hydrogen phosphate without any obvious advantage. In Willstatter and 
SchudeTs [1918] modification sodium hydroxide is used and is added last, in 
the proportion of 3 mols. to 2 mols. of iodine—as required by the equation. 
The oxidation is carried out at room temperature during 12-20 minutes. 
This modification has been most frequently employed in biochemical investi¬ 
gations but the authors’ claim that under the specified conditions fructose 
and sucrose are not attacked has been disputed by Judd [1920] and Bruhns 
[1923], who have obtained values for fructose varying between 7 % and 11 % 
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in terms of the reducing power of glucose. Baker and Hulton [1920] found 
that oxidation of aldoses was complete in 3-5 minutes, but even under these 
conditions fructose was oxidised to the extent of 7 %. According to Judd 
this partial oxidation is the result of the Lobry de Bruyn and van Ekenstein 
transformation but the experimental evidence brought forward by Baker 
and Hulton does not bear out this suggestion. 

The investigations of Kolthoff [1923] and of Hinton and Macara [1924] 
show that the degree of oxidation both of aldoses and of ketoses is influenced 
to a marked extent by the relative proportions of iodine and alkali, and that 
satisfactory results are only to be obtained by careful regulation of these 
and other factors. In a recent paper Goebel [1927] states that the oxidation 
of glucose is more complete if the alkali be added gradually over a period of 
several minutes. In all these investigations the estimations were carried out 
for the most part on relatively large amounts of the sugars. As we wished to 
apply the method to the estimation of quantities of the order of 1 mg. it 
seemed advisable to study first the effect of the various factors under the 
conditions involved in such micro-estimations. 

The following is the general procedure adopted for these teats. 

1 or 2 cc. of the sugar solution (Od %) was measured into a 50 cc. Erlen- 
meyer flask, followed by 3 cc. of 0*02 N iodine and distilled water to make 
up the volume to 6 cc., this last serving to rinse down the sides of the flask. 
The alkali solution was^ then added slowly and the flask immediately closed 
with a rubber stopper and immersed in a water-bath at the specified tem¬ 
perature. The use of ‘'room temperature"’ was given up as the variations 
were found to be sufficient to produce irregular results. At the end of the 
given time the contents of the flask were acidified wdth 1 cc. 0*5 iV H 2 SO 4 
and titrated with 0-005 N sodium thiosulphate using as indicator 3 drops 
of a 1 % solution of soluble starch in a saturated solution of sodium chloride. 
All estimations were made in duplicate and blank tests, also in duplicate, 
were simultaneously carried out, using distilled water in place of the sugar 
solutions. These blanks were further checked by direct titration of 3 cc. of 
the iodine solution with the thiosulphate. The difference between the blanks 
and the direct titration did not as a rule exceed 0-1 cc., and was due to loss 
of iodine by volatilisation, impurities in the alkali, etc. The usual precautions 
were taken as regards calibration of the Ostwald pipettes and the burette. 
The sugars used in these tests gave values for the specific rotation and re¬ 
ducing power by the Hagedom-Jensen method as shown in Table I. The 
values for the reducing power are given in terms of glucose and for the other 
sugars are of limited significance, but the very low value for galactose, which 
is similar to that recorded by Pucher and Filich [1928], is of interest in relation 
to the results obtained by the iodimetaric method. 

The results given in Tables II and III show the influence of varying 
quantities of sodium hydroxide and sodium carbonate respectively on the 
oxidation of glucose andHfructose. * 
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Table 1. 


Sugar 

Glucose (Kahlbaum) 
Fructose (Kerfoot) 

Galactose (Kahlbaum) 
Lactose 

Maltose hydrat/e (Kahlbaum) 
Sucrose 


[^^5461 Reducing power 

c = % 

+ 62-8® (21°) 99-9 

-108-7° 96-2 

-f 96-9° 73-0 

+ 64-6° (19°) 67-0 

-f]54-8° 68-5 

4- 78-6° — 


Table II. 


Alkali: 0-1 N NaOH, in amount varying from 1 to !•(><? times the equivalent of iodine. 


Vol. of 0-1 A' 




Glucose 


NaOH 


Time 


A . 

Fructose 

cc. 

* Temp. 

(mins.) 

(1 mg.) 

(2 mg.)' 

(1 mg.) 

0-6 

17° 

20 

- 0-5 

- 8-7 

3-2 




- 0-5 

- 8-7 

3-2 

0-75 

»» 


~ 05 

-13-0 

3-6 




- 1-0 

- 8-7 

3-6 

0-9 


»» 

+ 0-5 

- 2-2 

4-0 




+ 0-5 

-10-0 

4-0 

1-0 

,, 


+ 0-5 

- 2-2 

4-0 




0 

- 5-7 

4-0 

0-6 

21° 

5 

-15-7 

_ 

0-4 




-15-7 

— 

1-2 

0-75 



-20-9 

— 

0-8 




-13-1 

— 

0-8 

0-9 

>> 

yf 

-12-1 

— 

0-8 




-13-1 

— 

0-8 

1-0 



-12-2 

— 

1-2 




-12-2 

— 

1-2 

0-6 

21° 

20 

- 0-5 

-11-1 

5-9 




+ 1-2 

-11-1 

7-5 

0-75 



- 05 

-13-7 

7-5 




- 0-5 

-13-7 

10-0 

0-9 



+ 0-9 

- 2-4 

8-8 




- 1-3 

- 2-0 

8-8 

1-0 



+ 0-4 

- 1-3 

9-2 




- 1-3 

- 0-9 

9-2 


For glucose the results are stated as percentage deviations from the 
theoretical values for complete oxidation to gluconic acid. 

For fructose the results are stated as the percentage oxidised, calculated 
on the basis of the theoretical value for glucose. 

The amount of iodine used was in all cases 3 cc. 0*02 N solution, equivalent 
to 6*4 mg, glucose. The titration thus required (for the blank) about 12 cc. 
0*005 N thiosulphate. 2*25 cc. is equivalent to 1 mg. glucose. The results, 
though calculated to the first decimal place, are only significant to about 0-5 %. 

^ These results show that: 

(1) With sodium hydroxide (0-9 cc.) in the proportion of 3 mols. to 2 mols. 
of iodine, as recommended by Willstatter and Schudel, the oxidation of 1 mg. 
glucose is complete in 20 minutes at 17° or 21°, but not in 5 minutes at 21° 
(iodine in 5-foId excess). With 2 mg, glucose the results for 17° are irregular 
but are more satisfactory for 20 minutes at 21°. 
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Table in. 


Vol. of 

5% 

NanCO. 


Time 

Alkali: 6% 

NajjCOg solution (0*94 V). 

Glucose 


Fructose 

. .A 





f - 






CC. 

Temp. 

(mins.) 


1 nag- 

2 mg. 

3 mg. 

1 mg. 

2 mg. 

3 mg 

01 

2r 

30 


+ 0-4 

-23*1 

-61*7 

— 

— 

— 

»» 

tf 

99 


0 

-33*3 

-57-5 

— 

— 



,f 

99 


-41 

— 

— 

— 

— 

— 

>» 

ft 

99 


-98 

— 

— 

— 

_ — 

— 




Av. 

-4-5 

-28*2 

-69*6 




0-2 

21° 

30 


+ 10 

- 1*2 

-18*5 

0*4 

0*8 

1*4 

>» 


99 


+ 10 

~ 1*2 

-23*4 

0*4 

2*5 

2*2 

>» 

») 

99 


-1-5 

- 3*1 

- 33*3 

1*7 

— 

— 

>> 

»» 

99 


-2-4 

- 3*1 

-33*3 

0*9 

— 

— 

9t 

>» 

ft 

ft 

99 

99 


— LrZ 
-0-2 

- 22 

— 

_ 

— 

— 

ff 

99 

99 


-0-2 

— 

— 

— 

— 

— 

»f 

- 

99 


-0*2 
-1- ‘>.Q 

- 22 

— 

— 

— 

— 

ft 

ft 

99 

99 

99 

99 


-T 

+ 2*3 

_ 

_ 

— 

— 

.— 

ft 

99 

99 


+ 2-6 

— 

— 

— 

— 

— 

>» 

99 

99 


+ 2-6 

— 

— 

— 

— 

— 




Av. 

+ 0*6 

- 2*2 

-27*1 

08 

1*6 

1*8 

0-4 

21° 

30 


+ 0-7 

- 1*7 

-10*3 

0*4 

0 

_ 


19 

99 


+ 0*7 

— 

— 

0*4 

0 

— 

t> 

»» 

99 


+ 0*7 

- 3*0 

- 8‘4 

0 

— 

— 

„ 




-2*0 

— 

— 

0 

— 

— 


ft 

99 


-15 

- 1*8 

-11*6 

0*4 

— 

— 

ft 

99 

99 


+ 0*3 

— 

— 

— 

— 

— 

ff 

99 

99 


+ 0*7 

- 0*7 

•— 

0*4 

— 





Av. 

+ 01 

- 1*8 

-10*1 

0*3 

0 

— 

0-4 

25“ 

30 





0 

0*7 

_ 

„ 


99 


+ 0*3 

- 2*4 

- 8*3 

0 

0*4 

— 


>> 

99 


+ 0-7 

- 22 

- 7*9 

0*4 

— 

— 


9 9 

99 


0 

— 


0*4 

A 


— 


99 

99 

19 


u 

0 

_ 

_ 

li 

0 

_ 

_ 

99 

99 

99 


0 

— 

— 







Av. 

+ 0*2 

- 2*3 

- 8*1 

0*1 

0*5 


0*8 

21° 

30 


-8-8 

_ 

_ 

_ 

_ 

_ 

9 9 

99 

99 


-6*7 

-20*3 

-30*8 

0*9 

0*9 

— 

99 


99 


-8*8 

— 

— 

— 

— 

— 

99 

99 

99 


-8*8 

— 

— 

— 

— 

— 

99 

99 

99 


-9*7 

-20*6 

— 

2*6 

0*9 

— 




Av. 

-8*6 

-20-4 

-30*8 

1*7 

0*9 

— 


(2) Under the conditions necessary for the complete oxidation of 1 mg. 
glucose, fructose is also oxidised to a significant extent, which may amount 
to 9 % in 20 minutes at 21°. This disadvantage is not overcome by using other 
proportions of sodium hydroxide. 

(3) With sodixim carbonate in suitable amounts (0-2 cc. or 0*4 cc. 6 % 
NagCOg), oxidation of 1 mg. glucose is complete in 30 minutes at 2U; 2 mg. 
glucose are oxidised to the extent of 98 %, but with larger amounts the results 
are low and irregular. Fructose is oxidised only to a very small extent, the 
values shown (0~2 %) lying close to the limits of titration errom by this 
method. 
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(4) With amounts of 5 % sodium carbonate less than 0-2 cc. or more 
than 0*4 cc. the oxidation of glucose is incomplete. 

From other tests it was found that variations in the temperature between 
21° and 25°, or in the time between 20 and 45 minutes did not affect the 
results. The use of sodium carbonate therefore offers a greater latitude as 
regards amount of alkali, temperature etc. than is permissible with sodium 
hydroxide. 

For routine estimations the conditions adopted were^ for amounts of sugar 
equivalent to 1-1*5 mg. glucose, 3 cc. (^*02 iV iodine ; 0*2 cc. 5% NagCOg; 
21° and 30 minutes. These correspond closelv with the conditions recom¬ 
mended by Bougault for larger quantities of sugar. 

Table IV gives the average results obtained with various sugars under the 
above conditions. For the aldoses the results are stated as percentages of 
the respective compounds (*alculated from the iodine reduced, according to 
the equation. For the ketoses and sucrose the results are given in terms of 
the equivalent quantity of glucose. The results for galactose were persistently 
low and were not improved by increasing the time or by adding the alkali 
over a period of 6 minutes^. In this table are also included values obtained 
for barium glucosemonophosphate, barium fructosemonophosphate (Neuberg) 
and barium fructosediphosphate, those for the fructose derivatives being 
calculated as percentage glucose. In spite of the low value for the glucose¬ 
monophosphate there is good reason for believing that the specimen was free 
from fructosemonophosphate (Robison and King, unpublished work). 

It should perhaps be emphasised that great caution is necessary in inter¬ 
preting the results obtained by this method with crude biochemical products 
since many compounds other than aldoses may react with iodine under these 
conditions. 


Sugar 

Table IV. 

1 mg. 

2 mg. 

3 mg. 

4 mg. 

Glucose ... 

100-6 

97-8 

78-1 

— 

Galactose 

97-0 

96-0 

85-6 

— 

Maltose ... 

102-8 

100-9 

— 

78-4 

Lactose ... 

102-3 

98-3 

— 

75-5 

Fructose 

0-8 

1-6 

1-8 

— 

Sucrose ... 

2-0 

0-8 

1-7 

— 

Barium glucosemonophosphate 

— 

90-2 

— 

— 

Barium fructosemonophosphate 

— 

— 

— 

(15 mg.) 3-0 

Barium fruotoeediphosphate ... 

— 

— 

— 

0-2-0 

Some experiments were carried out to determine to what extent the Lobry 


de Bruyn and van Ekenstein transformation may account for the high values 
obtained for fructose using sodium hydroxide. In order to increase the effect, 
the ratio of sodium hydroxide to iodine was raised to 10 : 3 but the concen¬ 
tration of alkali was only 0*03 N, The results are set out in Table V. 

^ Note (added lih June 1929), Satisfactory results have, however, since been obtained with 
galactose, prepared by the hydrolysis of a highly purified specimen of a-methyl-d-galactoside, 
for wluoh we have to thank Mr J. A. Pryde, 
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Column A, Reducing power of fructose by the usual carbonate method (in 
this case, 0-4 cc. 5 % NagCOg was used) 30 minutes at the specified tem¬ 
peratures. 

Column B, Reducing power using 2 cc. 0-1 A NaOH, 30 minutes at the 
specified temperature. 

I 

Column C, Fructose solution allowed to remain for 30 minutes at the specified 
temperature in presence of 2 cc. 0*1 N NaOH, then neutralised and re¬ 
ducing power estimated by the carbonate method (30 minutes, 21°). 

Column D, Fructose solution allowed to remain for 30 minutes at the specified 
temperature in presence pf 2 cc. 0*1 iV NaOH. Iodine then added and 
solution left for further 30 minutes at the specified temperature. 

Table V. 

Amount of 
fructose 


mg. 

Temp. 

A 

B 

C 

D 

1 

2U 

0-4 

131 

53 

24*9 

5 

2V 

0-6 

16-8 

4-4 

16-9 

1 

26° 

0'4 

17-8 

11’4 

25*8 

5 

26° 

0-9 

17-2 

6-2 

22'2 

1 

38° 

40 

68-0 

22-7 

84*1 

5 

38° 

25 

30-4 

14-7 

39-4 


Comparison of columns A and C, as also of columns B and D, shows that 
some change is produced by the action of the alkali alone, but this could at 
most account for only a fraction (30-40 %). of the total oxidation effected 
by the combined action of the iodine and alkali, shown in column B, unless 
the nett rate of the transformation of fructose into glucose is greatly increased 
in presence of the iodine owing to the rapid removal of the aldose by oxidation. 

Summary. 

The conditions for the estimation of very stnall amounts of aldoses by 
the iodimetric method have been investigated. Satisfactory results are ob¬ 
tained using 3-4 times the theoretical quantity of iodine with sodium car¬ 
bonate as the alkali, and allowing the oxidation to proceed during 30 minutes 
at 21°. Under these conditions the oxidation of glucose is complete while 
fructose and sucrose are only oxidised to a very small extent. 

Values obtained for other sugars and for hexosemono- and hexosedi- 
phosphates are also given. 

The extent to which fructose is oxidised by iodine in presence of excess 
of sodium hydroxide is much greater than can be explained by the Lobry de 
Bruyn and van Ekenstein transformation unless it is assumed that the change 
from ketose to aldose is largely increased owing to the rapid and continuous 
removal of the latter by oxidation. 

We are greatly indebted to Mr J. L. Baker and Mr H. F. E. Hulton for 
kindly supplying us with several specimens of pure sugars. 
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From the University of Birruingliam., Departrne^it of Biochemistry, aiid 
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{Received April 23rd, 1929.) 

Preamble. 

The latest work which has been carried out on gums is not of very recent 
date, and advances in carbohydrate chemistry which have been made since 
that time make it desirable that this work should be repeated. The physical 
difficulties of working with these substances are considerable, and the situa- 
tion is aggravated by the fact that the natural gums are frequently composed 
of mixtures of several individual types. Separation of such mixtures is very 
difficult, and it is probable that physical methods based on their colloidal 
properties will have to be elaborated. 

Early investigators have shown that the hydrogen and oxygen in gums 
exist in approximately the same proportions as in water, and accordingly 
the gums were considered to be true carbohydrates. Later, by the action of 
acids, various sugars were obtained from them by hydrolysis, and the gums 
were thereupon classified as polysaccharides. Still later, it was demonstrated 
that they are not of a true polysaccharide nature, since they consist of numbers 
of sugar molecules united to a central nucleus of a sugar acid nature. The 
attachment seems to be of an ethereal or glucosidic type, and not an ester 
type, since the gums retain acidic properties, and are capable of forming salts. 
In point of fact, they are usually found as salts of calcium, magnesium, or 
potassium. ^ 

It is to be emphasised that the classification of a substance as a gum is 
as yet mainly an arbitrary one, not being based on any constitutional know¬ 
ledge, but decided by its origin and physical behaviour, together with the 
fact that it is of a carbohydrate nature. When the chemical composition of 
these substances has been determined, it may be possible to suggest a more 
rational grouping, and also to speculate with some degree of probability as 
to their role in nature. 

The first member of this group to be studied was gum arabic, since from the 
work of previous investigators this appears to be a single substance. 
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THE COMPOSITION OF GUM ARABIC. 

Intropuction. 

The early investigators of the composition of gum arable seem chiefly 
to have been concerned in attempting to assign to it an empirical formula, 
and several workers in the first half of the last century gave analyses closely 
ap])roxiniating to (C\.H]o 05 )^,. Neubauer [1854, 1857, 18G3] seems to have 
been the first to record the fact that gum arabic is an acid. He prepared pure 
salts of this acid, and subjected them to analysis, from the results of which 
he deduced various empirical formulae for the salts. 

O’Sullivan [1884] described some very careful and detailed investigations 
into the nature of this substance. His methods were, briefly, hydrolysis with 
acid, jueparation of the barium salt of the hydrolysis product, fractional 
precipitation with alcohol, if necessary, and ultimate analysis of the salt 
obtained. By these means he concluded that this gum had an empirical 
formula of 0 ^ 911^42074 Riid consisted of molecules of four, or possibly five, 
hexose sugars, termed by him a-, /3-, y-, and S-arabinoses, linked to a nucleus 
of a comparatively stable nature to which he assigned the empirical formula 
of C 2 ; 3 H 3 y() 22 , and the name '‘arabinosic acid.” In a later paper, O’Sullivan 
[1889] recognised the presence of only two sugars in this gum, a pentose, 
arabinose, and a hexose, galactose, and suggested a more extended formula, 
which will be quoted later. 

Experimental. 

A good commercial sample of gum arabic is a light transparent substance, 
slightly yellowish in colour, in droplets with a vitreous fracture. The ash 
content varies from 3 to 4 % or more, and there is some moisture present. This 
gum is found naturally as the salts of calcium, potassium, and magnesium. 
Pure acid gum arabic is prepared from the natural product according to the 
method employed by Neubauer [1854]. 

The gum is dissolved in warm water to give a fairly concentrated solution, 
which is then made acid by the addition of hydrochloric acid. Insoluble 
particles are allowed to settle, and the clear liquid is decanted off. The acid 
gum arabic is then precipitated by the addition of alcohol. Precipitation takes 
place when the alcohol content is as low as 50 %, but as a general rule this 
should be raised to 60 % so that precipitation may be complete. The acid 
gum arabic appears as a thick and curdy precipitate. This is filtered off, re¬ 
dissolved in warm water and acidified by the addition of a little hydrochloric 
acid just previous to precipitation with alcohol as before. This process is 
repeated at least three times. The final product is dried in absolute alcohol, 
and in a desiccator over phosphorus pentoxide. By this means an extremely 
pure product is obtained, the ash content of which is very low. 

It was considered likely that the nucleus-acid of gum arabic, termed by 
O’Sullivan first ‘'arabinosic acid” and later ‘‘arabic acid,” might be of the 
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nature of a ''uronic acid/’ Accordingly the yield of carbon dioxide on boiling 
with 12 % hydrochloric acid was determined in the same way as for pectin 
products [Nanji, Paton and Ling, 1925]. 

Acid gum arabic. Sample I. Ash 0*26 % 

Yield of COg on an ash-free basis (i) 3*11 % 

(ii) 3*17 % 

Mean 3*14 % 

Corresponding to uronic acid anhydride 12*56 % 

Since this gum has been shown by many workers to contain pentose, the 
furfuraldehyde yield was determined by distillation and precipitation as phloro- 
glucide. The precipitated phloroglucide was in each case extracted with absolute 
alcohol, since the presence of methylpentose in this gum has been suggested. 
Although by this extraction a considerable amount of substance was removed, 
concurrent figures were never obtained. Further the alcoholic extract was 
never of a reddish colour, as it is stated to be in the presence of the phloro¬ 
glucide of methylfurfuraldehyde, but always a deep green. The substance 
removed is probably the phloroglucide of ca-hydroxymethylfurfuraldehyde, 
obtained in small quantities from the hexosan units. 

Acid gum arabic. Sample I. 

Yield of furfuraldehyde on ash-free basis (i) 16*45 % 

(ii) 16*01% 

(iii) 16*25% 

Mean 16*24 % 

Now it is known that the uronic acid anhydride units yield 16*66 % of 
their weight of furfuraldehyde, and consequently the 12*56 % of uronic acid 
anhydride which is present in this sample of acid gum arabic accounts for 2*09 % 
furfuraldehyde; the balance of furfuraldehyde, 14*15 %, being due to pentose. 

Many workers have stated that the sugars to be obtained by the hydro¬ 
lysis of this gum are arabinose and galactose. This statement was confirmed. 
It is not necessary to describe in detail the procedure, but it is sufficient to 
say that the characteristic osazones of arabinose and galactose were obtained 
from the hydrolysis liquid after removal of the acid. Arabinose diphenyl- 
hydrazone was prepared by treatment of the syrup with excess of diphenyl- 
hydrazine in alcoholic solution according to the method of Neuberg [1900]. 
The recrystallised hydrazone had a melting point of 202° (Neuberg; 204°). 
Mucic acid was also obtained by treatment with nitric acid. No trace of 
xylose could be detected by use of Bertrand^s cadmium xylonobromide 
reaction; neither was any hexose other than galactose traced. It seems, then, 
that th 6 only sugars formed on hydrolysis are arabinose and galactose. 

It is clear then that the furfuraldehyde in the molecule due to pentose 
may be calculated as arabinose, indicating that there is present 26*31 % 
anhydro-arabinose (C 5 H 8 O 4 ), yielding on hydrolysis 29*89 % of arabinose. 
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No satisfactory quantitative method has ever been described for the 
estimation of galactose, the oxidation by nitric acid to mucic acid giving 
invariably a low result, the production of mucic acid being accompanied also 
by the formation of oxalic acid. 

It is only possible, therefore, to arrive at figures for galactose by difference. 

AcAd gum arahic. Sample I. 

Uronic acid anhydride 

Anhydro-arabinose 26-31 % 

Anhydro-galactose (by difference) 61-13 % 

yielding on hydrolysis, arabinose 29-89 % and galactose 67-92 %. 

Much of the work of O’Sullivan is based on the estimation of the barium 
content of the barium salt, and although this undoubtedly gives a fair indi¬ 
cation of the carboxyl groups present, it does not seem that it can be taken 
as an absolute figure, unlike the det(‘rmination of carbon dioxide yield in this 
work. The method followe<l by him in the preparation of the barium salt of 
Mcjd gum arabic was exactly to neutralise a solution of the acid with baryta 
water, and then to ])reci])itate with alcohol, and dry. Since the acid is a 
very weak one, it is difficult to determine the precise neutral point. The 
alcohol precipitate is of a bulky nature, and would undoubtedly carry down 
with it any excess baryta which might be present, and so vitiat(‘ tlie results. 
Alternatively, if the end-])oint were not quite reached, the results might be 
low v)wing to the presence of free acid gum arabic. 

The barium salt of acid gum arabic was pre[)ared by careful addition of 
baryta as described by O’Sullivan. The amount of baryta to be added was 
ascertained on a duplicate, using phenolphthalein as indicator. After filtra¬ 
tion, the salt was precipitated with alcohol, washed, and dried. A barium 
estimation was carried out on this preparation, gravimetrieally as sulphate. 

Barium content of salt of acid gum arabic. 

Preparation (i) 5-07 % Ba 
(ii) 5-27 %Ba 

Now, the yield of carbon dioxide from the preparation indicates the presence 
of carboxyl groups which would only be capable of uniting with 4-89 % 
barium. There is the possibility, of course, that there might be present in 
the nucleus of this gum some simple organic acid, not of a uronic type, not 
yielding carbon dioxide under the conditions of that estimation. This, however, 
is very unlikely, since no such acid has been discovered in the hydrolysis 
liquid, and further, the difference between the theoretical barium content 
and that actually found is only small, and is to be anticipated from the 
method of preparation. It seems, therefore, that this particular method, the 
preparation of the barium salt and the subsequent estimation of its barium 
content, is not reliable as giving an indication of the amount of carboxyl groups 
present. Very many of O’Sullivan’s conclusions are based upon the results 
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of this determination, and consequently they cannot be accepted as absolute 
figures, though, as seen above, it is likely that they are fair approximations. 

O’Sullivan in his earlier paper on this subject considered all the sugars 
split off to be of a hexose nature, but after the discovery of the pentose 
nature of arabinose he assigned to acid gum arabic the following formula: 

. 4(C AOio). (CAOis). 

He described it as ‘‘di-arabinan-tetra-galactan-arabic acid,” the term “arabic 
acid” being employed for the nucleus-acid in place of the term “arabinosic 
acid” employed by him previously. It is necessary to note that the “arabic 
acid” of other workers corresponds with that which, to prevent confusion, 
is described in this paper as “acid gum arabic.” In the formula above 
“arabinan” and “galactan” respectively stand for two molecules of arabinose 
and galactose less two molecules of water. 

By calculation, such a molecule consists of 

anhydro-arabinose (C 5 Hg 04 )„ 21-84 % 

anhydro-galactose 53-60 % 

anhydro-“arabic acid” 24-56 % 

yielding on hydrolysis, arabinose 24-82 % and galactose 59*57 %. 

It will be seen that these figures differ very considerably from those 
obtained experimentally in this paper, the difference between the anhydro- 
“arabic acid” of O’Sullivan’s formula and the uronic acid anhydride of the 
preparation being particularly marked. On the other hand, it must not be 
assumed that all samples of gum arabic are identical in composition. Such is 
quite definitely not the case, though they appear to be similarly constituted. 
This means, however, that it is not possible to assign to this substance any 
definite empirical formula, but only to indicate the constituents and the 
probable method of linkage. 

Sample II of gum arabic, treated as before to obtain the acid gum arabic, 
gave on analysis the following figures: 

Acid gum arabic. Sample 11. Ash 0-24 %. 

Furfuraldehyde yield on ash-free basis (i) 14-00 % 

(ii) 13-86% 

(iii) 13-98% 

(iv) 13-89% 

Mean 13^93^ 

Yield of carbon dioxide on ash-free basis (i) 4-36 % 

(ii) 4-42% 

Mean 4-39 % 

By calculation 

uronic acid anhydride 17*66 % 

furfuraldehyde due to uronic acid Anhydride 2*91 % 
balance of furfuraldehyde due to pentose 11-02 % 
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The figures for Sample I, and those obtained by calculation from 
O’Sullivan’s formula, are quoted for comparison. 



Sample I 

Sample II 

O'Sullivan 

Uronic acid anhydride 

12-56 

17-56 

(anhydro-“ arabic acid 

Anhydro-arabinose 

26-31 

20-52 

21-84 

An hydro-galactose 

61-13 

61-92 

53-60 

Yielding on hydrolysis; 
Arabinose 

29-89 

23-32 

24-82 

Galactose 

67-92 

68-80 

59-57 


By hydrolysis with acids O’Sullivan was able to arrive at conclusions stated 
to justify his formula. He was, however, larg^-lv concerned with the identifi¬ 
cation of the sugars liberated, and the barium content of the salts of the acid 
residues isolated. He appears to have chosen concentrations of sulphuric 
acid for hydrolysis in a rather haphazard way. In the work described here, it 
was thought desirable to adhere throughout to one concentration, namely, 
3 %. The hydrolysis was carried out by O’Sullivan in the following manner. 
To the acid gum arabic in solution was added the necessary amount of sul¬ 
phuric acid, and the whole boiled. At the conclusion of the period of hydro¬ 
lysis the solution was cooled, and neutralised with a hot solution of baryta. 
The precipitated sulphate was filtered off, and the filtrate evaporated and 
poured into excess of alcohol. The precipitate vras repeatedly dissolved in 
water and reprecipitated by alcohol. 

This method was followed for a time, with the difference that carbon 
dioxide was passed through after the addition of the baryta to remove any 
excess. It was found, however, that by this method it was not possible 
entirely to free the hydrolysis product from the sugars liberated at the same 
time, and as a result sticky or slimy })recipitates were obtained. Also the ash 
content of those that were obtained in a reasonably friable condition was 
unduly high. 

Accordingly the method was modified. At the close of the period of hydro¬ 
lysis, while still very hot, the sulphuric acid employed is nearly neutralised by 
the addition of solid barium carbonate in a very fine condition. After standing 
for a few moments, the precipitated sulphate is filtered off. Immediately, while 
the filtrate is still hot, boiling alcohol is })oured in until the concentration of 
alcohol reaches 60 %. The precipitate which forms settles quickly, and the 
supernatant liquid is poured off before it has cooled. Since hot alcohol of a 
concentration of 60 % does not precipitate either galactose or arabinose, the 
end-product obtained by this means is free from these substances. The pre¬ 
cipitate is dissolved in water, filtered, heated nearly to boiling and repre¬ 
cipitated by hot alcohol as before. This is repeated several times. The final 
product obtained is not sticky, and on being brought into contact with 
absolute alcohol it becomes white and friable. It will be noticed that by this 
method the free acid hydrolysis product is obtained in place of the barium 
salt as by the method of O’Sullivan. 

Hydrolyses were carried out for periods of 1, 3, 5, 6, 7 and 10 hours with 


34—2 
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3 % sulphuric acid. It is inadvisable to commence with less than 200 g. in 
each case for the yields are small. Three times the weight of sulphuric acid 
was employed. No substance remained precipitable by hot alcohol after either 
10 or 7 hours’ hydrolysis. Only traces precipitable by alcohol were found 
after 6 hours, the quantity being quite insufficient for analysis. 

The following were the analytical figures obtained, in each case being the 
mean of two or more closely agreeing determinations. All hydrolyses were 
carried out upon Sample 11 of gum arabic. 


AbIi 

Acid gum 
arable 
Sample 11 

0 / 

o'k 

Product afl^jr 
1 hour’s 
hydrolysis 

0 / 

0 

2-87 

Product after Product aft<3r 
3 hours’ 5 hours’ 

hydrolysis hydrolysis 

0 ' 0 ' 

0 ,0 

3-32 3*91 

Fiirfuraldehyde yield (awh-free) ... 


6-48 

5-22 

4-28 

CO 2 yield (ash-free) . 

4-39 

5-79 

6-13 

5-25 

Uronic acid anhydride 

17-56 

23-IG 

24-52 

2MH) 

Furfuraldehdye due to uronic acid 

2-91 

3-86 

4-08 

3-49 

Balance of fiirfuraldehyde ... 

11 02 

2-62 

1-14 

0-79 

Anhydro-arahinose 

20-52 

4-93 

2-12 

1-48 

Anhydro-galactose ... 

61-92 

71-91 

73 36 

77-52 

Yielding arabinose ... 

23-32 

5-60 

2-41 

1-68 

Yielding galactose ... 

68-80 

79-91 

81-53 

86-14 


From a consideration of these figures it is possible to obtain some insight 
into the composition of this gum. The results are even clearer when plotted 
as a graph. It will be seen from the graph that the arabinose is rapidly 
removed from the molecule during the first hour of hydrolysis, and the amounts 
of uronic acid anhydride and of anhydro-galactose rise sharply, proportionately, 



Hydrolysis of gum arabic with 3 % sulphuric acid 

and approximately evenly. During the second and third hours this condition 
is maintained at a much slower rate, and by this time practically all the 
arabinose has been removed. After the third hour it is seen that the uronic 
acid anhydride tends to diminish a little, and the anhydrogalactose to rise. 
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It is quite evident, therefore, that the linkage of the arabinose units is 
different in nature from that between the other units, since it is very much 
weaker, being ruptured by brief treatment with acid. Knowing that gum 
arabic is not a reducing body It is probable that the linkage between the 
arabinose units and the nucleus-acid is an ethereal or glucosidic linkage. 

It would seem that the nucleus-acid, the “arabic acid” of O’Sullivan, is 
composed of galactose and the uronic acid, probably in the proportion of 
two or three molecules of the former to one of the latter, or some multiple 
of these figures. This is a little surprising, but even more unusual is the fact 
that the galactose does not appear to be split oil except when the nucleus- 
acid is completely ruptured. That this must take place continuously during 
the hydrolysis is evidenced by the fact that galactose in some quantity can 
be obtjnned from the hydrolysis li(|uid after less than 3 hours’ hydrolysis. 
Nevertheless the uronic groups are apparently removed somewhat more easily 
than the galactose units. The nature of the uronic acid has not been definitely 
established. It is, however, in all probability, galacturonic acid, since glyc- 
uronic acid, although excreted in certain abnormal conditions of animal 
metabolism, has never been unquestionably proved to be a constituent of 
plant materials, save possibly in the hernicellulose A isolated by O’Dwyer 
[1926] from beech wood. 

Discussion. 

Work whi(‘h has been carried out on other gums has shown that they also 
are constructed in much the same general way as gum arabic, namely by 
linkage of hexose or ])entose sugars with uronic acid units. It is possible, 
therefore, tentatively to suggest a position for the gums in the general field 
of plant biochemistry. Oandlin and Schryver [1928] have suggested the use 
of the word “polyuronide” to describe a substance which consists of sugars 
linked to a uronic acid. It is evident, then, that the gums may be described 
as “polyuronides” if this term be accepted. 


Table I. Uronic acid anhydride content of some plant products. 


Subslaneo 

Source 

Lroni(‘ 

content 

Sugars present 

Authority 

Pectic acid 

Lemons 

70 50 

Galactose, arabinose 

Nanji, Patou and Ling [1925] 

Hernicellulose 11 

Beech wood 

04-0 

Galactose, arabinose 

O'Dwyer [l!)2t)] 

Mild oxidation products 
of pectin 

Lemon pectin 

6(>-55 

(ialactos(', arabinose 

Norman (unpublished) 

Tra^acanthin 

Gum tnigacanth 

5()-S 

Arabinose 

Norman (nnpnl»!ished) 

Hernicellulose by alkali 
treatment 

Citrus pectin 

37-3 

Presumably galactos(‘, 
arabiiu)s(‘ 

Candlin and Schryver [1928] 

Hemic.nllulose B 

Oats straw 

31-8 


Norman (unpublished) 

Bassorin 

Gum tragacanth 

30-0 

Arabinose, galactose, 
xylose? 

Norman (unjmblivshod) 

Hemicolliilose by alkali 
treatment 

Onion pectin 

21-5 

Pn*smnably galactose, 
arabiriose 

(Sandlin and Schryver [1928] 

Acid gum arabic 

{Sample II) 

17-50 

Galactose, arabinose 

Norman 

Hernicellulose B 

Reechwood 

18-8 

? ? 

Candlin and Schryv('r [1928] 

Hernicellulose A 

Turnip 

15-4 

? ? 

Candlin and Schryver [1928] 

Acid .gum arabic 

(Sample I) 

12-56 

(Jalactose, arabinose 

Norman 

Hernicelluose A 

Reechwood 

11-5 

? ? 

C'andlin and Schryver [1928] 

Hernicellulose A 

Beech wood 

11-0 

Xylose (galactose?) 

OT)wyer [1920] 

Hernicellulose A 

Oats straw 

10-8 

Arabinose ? 

Norman (unpublished) 

Hernicellulose B 

Turnip 

10-7 

? ? 

Candlin and Schiyver [1928] 
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Several recent workers have shown that natural hemicelluloses consist of 
hexose and pentose sugars linked together and usually in combination with 
a uronic acid. There does not seem to be, therefore, any essential difference 
in general structure between the gums and the hemicelluloses, which is rather 
supported by the fact that they are not dissimilar in physical properties and 
solubilities. It is rapidly becoming clear that the uronic acids are much more 
widely distributed in vegetable materials than was previously supposed (see 
Table P). 

Candlin and Schryver [1928] have recently demonstrated that pectin may 
be decarboxylated by treatment with alkali, the degree of decarboxylation 
depending upon the concentration and temperature of the alkali, with the 
resulting production of substances of a hemicellulose type, resembling in all 
respects the hemicelluloses isolated directly from wood. It would seem, then, 
not unlikely that in nature both hemicelluloses and gums may be produced 
by partial decarboxylation of pectin. This change may be brought about 
in vitro not only by alkali treatment but also by mild oxidation, on which 
point details of some work will shortly be published. Such a process as mild 
oxidation more nearly approaches, of course, the changes which may possibly 
take place in the living plant. 

Both von Fellenberg [1918] and Ehrlich [1927] have suggested the possi¬ 
bility that the pectic substances may undergo transformation to lignin, and 
O’Dwyer [1928] states that it is not unlikely that hemicellulose may be a 
transition product. She showed [1926] that unlignified tissues contain a much 
larger amount of pectin than of hemicelluloses, while in lignified tissues the 
opposite holds, in fact only the merest traces of pectin are usually present. 
Candlin and Schryver [1928] repeated the suggestion that lignin may be 
derived from pectin, but their experimental work, which resulted in the 
artificial production of a hemicellulose from pectin, did not lend support to 
this theory. It must be admitted that it makes an attractive theory to couple 
the two substances, pectin and lignin, since the observation that pectin 
decreases on lignification seems to hold good generally, but nevertheless on 
purely chemical and constitutional grounds it is not at present easy to see 
how the transformation may take place. Further, the actual amount of 
lignin present in lignified tissue is very considerably in excess of the amount 
of pectin which was present in the same tissue before lignification. On quanti¬ 
tative grounds also, there is considerable support for the view that pectin is 
converted into hemicellulose as the tissue becomes older. Though this process 
may be coincident with the development of lignification, it is not possible 
from present evidence to assume any interrelation. 

On purely chemical grounds it is possible to account for the formation of 
substances of the nature of pectin, hemicelluloses and gums, by the protracted 

1 It is probable, if not certain, that several of the products mentioned in this table, notably 
the hemicelluloses, are mixtures, and if suitable means of separating them can be elaborated even 
more significant uronic figures may be obtained. 
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mild oxidation of linked hexose units. For example, when fZ-glucose is linked 
in some form as a polysaccharide through its carbonyl groups, mild oxidation 
will have the effect of converting the terminal carbinol groups to carboxyl, 
and so, in a simple hypothetical case, forming a conjugated r^-glycuronic acid, 
which on complete decarboxylation yields a xylan: similarly (7-galactose might 
be supposed to give rise to an araban. If oxidation is only partial, that is to 
say, if some units of the hexosan are incompletely oxidised, then other com¬ 
plex substances containing hexose, uronic and pentose groups would be 
formed, akin in all respects to pectin, hemicelluloses and gums. It is un¬ 
doubtedly a fact that it is the derivatives of galactose, possibly formed in this 
way, which are met with most frequently in the substances classed as hemi¬ 
celluloses a-nd gums, and further, each of the units in pectin is derivable from 
galactose. Xylans and gluco-xylans are relatively less common and wide¬ 
spread than the galacto-arabans. It is curious that galactose thus appears to 
occupy a place rather more important in this transition to pentosans than 
does glucose, while it is glucose which is the most widespread unit of hexosans, 
e.g. in starch and cellulose. The change from glucose to galactose is one which 
must take place readily in plants, and also in animals, as evidenced by the 
production of lactose on a diet free from galactose. The explanation of this 
prominence of galactose and its derivatives in plant constituents is not 
obvious, unless it be that hexose in the form of galactose is less readily respired 
than as glucose. 

It w'ould seem that the first apparent stage in the oxidation of galactans 
is the production of pectin, and having regard to the flexibility of the process 
of mild oxidation, it is perhaps remarkable that a substance of such definite 
character as pectin should appear. The homogeneity of pectin preparations 
from many sources appears to have been established by the work of Clayson, 
Norris and Schryver [1921], and of Norris and Schryver [1925]. Recently, 
however, Ehrlich and Schubert [1926] have claimed that pectin from flax 
contains xylose, in addition to galactose, galacturonic acid, and arabinose, 
Henderson [1928], on rather insufficient evidence, has claimed, on the contrary, 
that pectin from flax contains only galactose and galacturonic acid. In view 
of this conflict of opinions this form of pectin was re-investigated by Norris 
[1929], who finds no reason for departing from the original six ring formula 
put forward by Nanji, Patou and Ling [1925]. 

The formation of pectin in the plant appears to take place when meta¬ 
bolism is at its highest peak, that is when grovdh is most rapid. As growth 
slows down and maturity is reached, so does the production of pectin decrease, 
and that present is slowly converted into other substances, probably hemi¬ 
celluloses and gums. It seems likely, if not certain, that the hemicelluloses 
and gums are not substances definite in composition but are built up on a 
general plan from th^ intermediate oxidation products of hexosans. If the 
oxidation is prolonged, it may be that complete decarboxylation follows, so 
that true pentosans would be formed. It must be admitted, however, that 
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it has yet to be demonstrated that such substances as true pentosans have 
any existence in fact. Examinations of preparations hitherto regarded as 
being true pentosans have shown that a small quantity of uronic acid is present, 
and this, it is claimed, is the clue to their formation. 

Summary. 

1 . It is shown that the acid group in gum arabic is of the uronic type. 

2 . A method of isolation of the acid hydrolysis products is given. 

3. The statement that the only sugars present in gum arabic are galactose 
and arabinose is confirmed; analytical figures are given for these substances, 
both in the untreated gum and in the hydrolysis products. 

4. It is clear that gum arabic is not a substance of definite empirical 
formula. It is possible, however, to indicate its general composition—a 
nucleus-acid consisting of galactose and a uronic acid, probably galacturonic 
acid, to which is linked arabinose by glucosidic linkages. The arabinose is in 
consequence more easily split off than the other components. 

5. There seems to be no essential difierence in structure between gums 
and hemicelluloses, both consisting of hexose and pentose sugars linked to 
uronic acids. 

6 . It is suggested that it is by the protracted mild oxidation of linked 
hexose, and particularly galactose units, that pectin and the hemicelluloses 
and gums are formed. 

In conclusion it is a pleasure to express my thanks to Prof. A. R. Ling 
and Dr F, W. Norris for their assistance and advice. 


Addendum (June 8th, 1929). While the above communication was in the 
press, Butler and Cretcher (J. Amer, Clem, Soc. 1929,61,1519) have published 
some work on the constitution of this gum. They claim to have isolated an 
aldobionic acid, galactose-glucuronic acid, corresponding to the nucleus-acid 
of O’Sullivan. To this are attached galactose, arabinose, and rhamnose. They 
do not appear to recognise the fact that gum arabic is not a specific substance. 
Further, it is not possible to agree that all the phloroglucide Soluble in alcohol 
must be derived from methylpentose, for it is well known that under the 
' conditions obtaining in this estimation, hexosan units yield a small but in¬ 
constant amount of co-hydroxymethylfurfuraldehyde, the phloroglucide of 
which is soluble in alcohol. Accordingly the figure quoted by them for rham¬ 
nose is probably much too high. On the other hand it is not unlikely that 
that for galactose is too low, since the mucic acid method is not strictly 
quantitative. 



NATIJUE OF GUM AKABIG 


535 


KEFEllENCES. 

Candlin and Schryver (19:28). Proc, Bof/, Soc. Loud, B 103, 365. 
ClayBon, Norris and Schryver (1921). Biochan. d. 15, 643. 
Ehrlich (1927). Z. angeiv. Chem, 40, 1305. 

—— and Schubert (1926). Biocimm. Z. 169, 13. 
von Felleiiber^ (1918). Biorhcm. Z. 85, 88. 

Henderson (1928). J. Cham, Hoc. 131, 2117. 

Nariji, Eaton and Ling (1925). J. Hoc. Cham. Ltd. 44, 253 4\ 
Neubauer (1854). J. praJct. Cham. 62, 193. 

- (1857). Lithig's Ann. 105. 

-(1863). J. praki. Chain. 71. 255. 

Ncuberg (1900). Bar. dentsch. chain. Gas. 33, 2253. 

Norris (1929). Biochem. J. 23, 195. 

-and Schryver (1925). Biocham. J. 19, 676. 

O’Dwyor (1926). Biocham. J. 20, 656. 

-(1928). Biocham. J. 22, 381. 

O’Sullivan (1884). J. Chem. Hoc. 45, 41. 

-(1889). Proc. Cham. Hoc. 5, 166. 




LXI. OBSERVATIONS ON THE CARBOHYDRATE 
METABOLISM OF TUMOURS. 

By HERBERT GRACE CRABTREE. 

From the Laboratories of the Imperial Cancer Research Fund, 

8-11, Queen Square, London, 

{Received April 22nd-, 1929.) 

The studies of Warburg and his collaborators on the carbohydrate metabolism 
of surviving tumour tissues [1926] have dealt mainly with two transplantable 
strains of rat tumours, Jensen’s rat sarcoma and Flexner’s rat carcinoma, 
and the Rous chicken sarcoma. 

On the basis of metabolism values found for a large number of these 
tumours, together with those obtained for a more limited series of human 
neoplasms, Warburg has suggested several generalisations, showing' charac¬ 
teristic relationships between the magnitudes of the respiration and the 
aerobic and anaerobic glycolysis. The constant result which emerged was the 
abnormally high value of the anaerobic glycolysis as compared with the 
respiration. 

Assuming that the oxygen utilised was functioning at its maximum effi¬ 
ciency in causing the removal or non-formation of lactic acid under aerobic 
conditions, the respiration was found inadequate to check the glycolysis 
completely, a relatively large excess fermentation remaining. 

Representing this excess fermentation by U, the respiration by and 
the anaerobic glycolysis by 

Positive values for U were invariably found for the tumours quoted. 

Aerobic glycolysis is not a specific feature of tumour tissue. Warburg 
[1929] has recently summarised examples of normal tissues possessing aerobic 
glycolysis, and Crabtree [1928] showed it to be a property of certain patho¬ 
logical overgrowths associated with intracellular viruses. 

During the last year, as material has become available, the carbohydrate 
metabolism of several strains of transplantable mouse tumours, propagated 
in this laboratory, has been measured, and the results are collected in Table I. 
Although Warburg no longer a(^heres to the classification of tissues on the 
basis of a positive or negative value of U, throughout this communication 
the value will be introduced as affording an arbitrary standard of comparison, 
placing the present measurements in line with those previously recorded. 

The manometric technique elaborated by Warburg has been followed 
throughout. 
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Table I. Carbohydrate metabolism of mouse tumours. 


Tumour 

4^08 

C 

C 

Meyerhof 

quotient 

U 

Crocker sarcoma 

-10-6 

14-8 

4 30-4 

1-5 

n- 9-2 


- 14-6 

+ 15-6 

4 25-2 

0-6 

- 4-0 

?> 

- 30-9 

■u 20-7 

431-7 

0-4 

-30-1 


- 13-9 

1-15-0 

4 26-5 

0-8 

- 1-3 

>> 

- 8-2 

+ 16-3 

4 26-5 

1-2 

4 10-1 


16-5 

4 l(v2 

4 30-5 

0-9 

- 2-5 


- 7-6 

+ 13-2 

4 30-6 

2-3 

415-4 

J? 

-15-5 

+ 17-3 

4 24-8 

0-5 

- 6-2 


-24-4 

U19-4 

4 24-9 

0-2 

-23-9 


-11-9 

4 16-7 

4 22-1 

0-5 

- 1-7 


- 6-5 

4 12-6 

4 23-2 

1-6 

4 10-2 


- 20-7 

4 19-7 

4 31-3 

0-6 

-10-1 


- 21-4 

4- 20-9 

4 33-3 

0-6 

- 9-5 

Tar carcinoma (Sp) 2146 

- 19-3 

4-19-6 

-1 23-5 

0-2 

- 15-1 

,, 

21-3 

4 18-4 

4 24-5 

0-3 

-18-1 

,, 

15-2 

4 14-3 

4 24-7 

0-7 

- 5-7 

,, 

-310 

4 18-6 

4 25-7 

0-2 

- 36-3 

,, 

-19*5 

4 11-6 

4 24-0 

0-5 

- 15-0 

,, 

- 13*3 

4- 8-5 

4 24-0 

0-9 

- 2-6 

37 sarcoma 

109 

4 12-6 

1 23-5 

1-0 

4 1-7 

,, 

^ 9-8 

4 15 3 

i 29-4 

1-5 

4 9-8 


- 12-2 

4 6 5 

4 26-6 

1-6 

4 2-2 

,, 

-121 

4 - 6-9 

4 27-6 

1-6 

4 3-4 


-22 3 

4 14-4 

4 32-4 

0-8 

- 12-2 


- 24-3 

4 14-8 

4 33-4 

0-7 

- 15-2 

Tar sarcoma Bonne 

- 15-9 

4 91 

4 20-7 

0-7 

-111 


- 13-9 

4 8-6 

4 20-8 

1-0 

- 7-0 

,, 

- 9*9 

412-3 

4 24-9 

1-3 

4 5-1 

Tar carcinoma 173 

-120 

4-15-2 

4 30-7 

1-3 

4 6-7 


- 130 

4 16-3 

4 24-i 

0-6 

- 1-9 


-20*1 

-L15-4 

4 31-9 

0-8 

- 8-3 

M 

- 16-6 

4 20-7 

4 28-9 

0-5 

- 4-3 


- 17*0 

f 19-5 

4 28-9 

0-5 

- 5-1 

>> 

- 16-7 

4 17-0 

4 36-0 

1-1 

4 2-6 


-14-4 

4 18-9 

4 37-0 

1-2 

4 8-2 


-14-5 

4 10-2 

4 21-5 

0-8 

- 7-5 


8-2 

4 6-7 

4 21-5 

1-8 

4 5-1 


100 

4 8-2 

4 26-5 

1-8 

4 6-5 


- 18-3 

4 11-6 

4 27-5 

0-8 

- 9-1 

Sarcoma 2529 

-14-8 

4 14-9 

4 32-6 

1-2 

4 3-0 

,, 

- 5-6 

412-8 

b 30-6 

3-5 

4 19-4 


- 16-5 

417-8 

4 36-3 

1-1 

4 3-3 


- 19-6 

4 22-1 

i 36-9 

0-8 

- 2-3 


- UVO 

4-13-5 

4 28-3 

0-9 

- 3-7 


-11-6 

4 12-7 

4 28-3 

1-3 

4 5-1 


- 10'9 

4-14-8 

4 29-7 

1-4 

4 7-9 


-12-9 

4 15-1 

4 28-7 

1-1 

4 2-9 

Glycogen-carcinoma 113 

- 15-5 

4 6-8 

I 12-6 

0-4 

18-4 

»» 

- 12-5 

4 5-0 

U12-7 

0-6 

-12-3 


- 8-3 

4 3-4 

4 14-4 

1-3 

- 2-2 


- 7-6 

4 2-8 

4 14-1 

1-5 

- 1-1 


-11-4 

4 4-3 

4 16-1 

1-0 

- 6-7 

Melanotic sarcoma 

- 5-6 

4 7-2 

4 23-7 

2-9 

4 12-5 


- 8-8 

4 4-3 

4 15-3 

1-3 

- 2-3 

,, 

- 7-7 

4 4-4 

415-1 

1-4 

~ 0-3 


-11*7 

4 7-0 

4 8-9 

0-2 

- 14-5 


The composition of the saline medium used, unless otherwise stated, was: 

Salt Moles per litre 

NaCl 0-121 

KCl 0-0025 

CaC4 0-0018 

NaHCO, 0-025 
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Glucose was added in a concentration of 0*2 %, and tlie appropriate gas 
phase was 5 % COo in O 2 or in Ng. 

The method of expressing results is that used by Warburg and is explained 
in an earlier communication of the present author [1928]. 

Though every precaution was taken to ensure efficient metabolism, by 
using thin sections which permit perfect diffusion of metabolites, and by re¬ 
moval of all traces of necrosis visible to the naked eye, the results obtained 
were widely divergent in character. 

The great variability in the absolute and relative magnitude of the meta¬ 
bolism values is not merely between the various strains investigated, but is 
apparent among different tumours of the same strain. 

About one-third show values comparable to those found for Jensen’s rat 
sarcoma and Flexner’s rat carcinoma (see Table VI). The majority deviate 
from these standards, chiefly by exhibiting a higher respiration, both in its 
absolute value and also in its relation to the aerobic and anaerobic glycolysis. 
The relationship is emphasised by the negative value of U in numerous cases. 

Many factors could conceivably operate in contributing to these abnormal 
findings: the generally more active metabolism of the mouse compared with 
larger animals, the variations in the environment at the site of growth, the 
possible fluctuations in the respiratory quotient, or the effectiveness of the 
blood supply. Also, in some tumour strains phases of rapid growth alternate 
with phases of depression with slow growth, and the position of the tumour 
in such a cycle at the time of the experiment would probably exert its influence. 

Some of these possibilities were tested, and the results are recorded in 
later sections of this communication. Warburg postulates a disturbance of 
respiration as being the fundamental cause of the development of aerobic 
glycolysis. In many of the tumours included in the above table the respira¬ 
tion is very high, exceeding that of any tissue, normal or malignant, so far 
examined. In such cases, apparently, the Pasteur reaction fails to function, 
and until more is known of the mechanism by which respiration checks fer¬ 
mentation, the value of hypotheses involving conceptions of different kinds 
of respiration is doubtful. 

The measurement of the respiratory quotient. 

The Ringer solution used for the simultaneous measurement of respiration 
and aerobic glycolysis closely approximates, in its salt content and bicarbonate 
concentration, to physiological standards. The p^ is regulated by using 5 % 
CO 2 in O 2 as the gas phase, and for saturation of the media. The Henderson- 
Hasselbalch equation [Hasselbalch, 1917] then shows the p^ to be 7*35 at 
37-5'’. The procedure adopted for the measurement of the respiratory quotient 
involving absorption of COg by potash is obviously inapplicable if these more 
accurate physiological conditions are to be maintained. 

In the method utilised below, determinations of the respiratory quotient 
were made under the more favourable conditions used for simultaneous esti¬ 
mations of respiration and aerobic glycolysis. 
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Since Negelein [1925] Las shown that the glycolysis effected by tumour 
tissue is a ])ure lactic* acid fermentation and can be acciirately measured by 
the fall in the bicarbonate concentration of the Kinger solution used experi¬ 
mentally, the respiratory (^>2 is obtained by deduction of the COg evolved 
due to glycolysis (found by estimation of the bicarbonate concentration at 
the end of the metabolism experiment), from the total (^(>2 evolved due to 
glycolysis and respiration and measured manometrically. 

The following protocol will illustrate the method. In addition to tlie three 
manometers normally used for determination of aerobic metabolism, an extra 
one (Z) is requircai to measure the lowering of })icarbonate concentration 
during the 15 minutes’ preliminary shaking until ecpiilibrium is attained, i.e. 
to the time f. This estimation, after (X)rrection for differences in weights of 
tissue used, serves as a control for the vessel Y in which the bicarbonate 
concentration is measured after GO mmutes' metabolism from the time 
By rapid manipulation, the sec'tion of tissue can be removed from the Ringer 
solution in about 20 seconds, causing an error of no more than 0-5 %. 


Protocol L 


Mouse tar carcinoma 173. Temp. 37-r)\ Gas phase —5 CO> in Og. 


Time 


f + 60 ' 


Vessel () 

Kinger thermo-baro¬ 
metric (‘ontrol 
1 -- 3 cc. 

T)ry wt. of tissues 

Shake 15' to attain 
equilibrium 

Shake for 00' 

Manomelric estima¬ 
tion of bicarbonate 
concentrations 


Vessel X 
ly- —3-5 cc. 
V(; - <T0Hcc 
A'o, - 0-365 
Acor 

3-85 mg. 


iicrease of pressure 
H ~ + 43 mm. 


Vessel Y 
1 p’ 1 '0 ( c. 

- 6-28 cc. 

^ Oj - 6 554 

^cos - 0-608 

3-73 mg. 

Increase of pressure 
h — +57 mm. 
Section removed 
B.> -487 mm.3 


Vessel Z 

bicarbonate esti¬ 
mation at 
V 1-0 cc. 

5*85 cc. 

5-18 mg. 
Section removed 


Aj —518 mm.® 


From the increases of pressure observed in the manometers attached to 
the vessels X and Y, the gas exchange is calculated in the usual way. 
mm.® Og consumed in vessel Y in GO' = 27*6 mm.® 

= mm.® COg evolved (from glycolysis and respiration) in vessel Y in 

60' ^ 64*6 mm.® 

The bicarbonate estimations are carried out with aliquot portions of the 
Ringer solutions from vessels Y and Z, together with a concurrent estimation 
of the bicarbonate concentration of the standard Ringer solution. The mano- 
metric method used is described by Warburg [192GJ. As a check on the value 
obtained for vessel Y, the bicarbonate concentration in vessel X may similarly 
be determined. This was not carried out as a routine procedure since several 
such preliminary estimations for checking purposes showed it to be 
superfluous. 
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Expressing the bicarbonate concentrations as mm.^ COg per cc. solution, 
Bq ^ CjjaHco, standard Ringer solution = 558 mm.^ 

"" ^NaHco, ^ mm.® (vessel Z). 

at 4- 60' 487 mm.® (vessel Y). 

Therefore 

respirator^ quotient- 

- 0-812. 

Table II gives a series of the results obtained, with the simultaneously deter¬ 
mined metabolism quotients. 

Table II. Simultaneous measurements of the carbohydrate metabolism 



and the 

respiratory quotient. 




A 

B 

C 

B 

E 



Aerobic 

Aerobic 





glycolysis 

glycolysis 





assuming 

based on 

Anaerobic 



Respiration K.Q. is unity 

R.Q. found 

glycolysis 

Respiratory 

Tumour 

Qoi 




quotient 

Tar carcinoma 173 

-12-3 

+ 10-8 

+ 141 

+ 33-4 

0-735 


‘-10*2 

+ 120 

+ 14-2 

+ 23-4 

0 790 


-- 7-4 

+ 9-9 

+ 11*3 

■f 15-3 

0-812 

Tar carcinoma 2146 

-19-2 

+ 13-9 

+ 9*7 

+ 26-3 

1-220 


-14*8 

+ 11-7 

+ 12*8 

+ 20-6 

. 0-772 

,, 

-15-2 

+ 13*5 

+ 14-7 

+ 27‘4 

0-923 

Crocker sarcoma 

-117 

+ 10-2 

+ 121 

+ 24'() 

0-839 


- 8*8 

+ 6-8 

+ 8-5 

+ 163 

0-805 


*-13-2 

+ 10-6 

+ 15-2 

■h22-8 

0-649 

Jensen’s rat sarcoma 

- 5*9 

+ 9-4 

+ 11-0 

+ 21-6 

0-722 


-12-2 

+ 111 

+ 13-6 

^ 21-3 

0-794 


~12-8 

+ 14-5 

+ 19-1 

+ 26-3 

0-638 


The aerobic glycolysis has hitherto been derived by deducting the measured 
respiration from the measured total COg evolved through the operation of 
the combined respiratory and glycolytic processes. The assumption has been 
made by Warburg and other workers with these methods that the respiratory 
quotient is unity, under the conditions of the manometric experiment. In 
column B the aerobic glycolysis is given, as reckoned on this basis. 

In column C the aerobic glycolysis is calculated from the value of the 
respiratory quotient experimentally obtained. Since the respiratory quotients, 
with bne exception, are less than unity, the aerobic glycolysis thus found is 
higher than that calculated on Warburg’s assumption. The eiSectiveness of 
the respiration in checking glycolysis is consequently less pronounced than is 
indicated by the Meyerhof quotients in Table L 

Effect of glycolysis on respiration. 

In connection with an investigation into the possibility of tumour tissue 
metabolising pentoses, results were obtained which suggest that the glycolytic 
activity of tumours may act as a partial check on their r^piratory powers. 
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The metabolism values included in Tables III and IV show that tumour 
tissue does not utilise xylose. The magnitudes of the respiration, whether 
measured in media free from sugar or with xylose added, are almost identical. 
No splitting of xylose occurs, with formation of acidic products, either aerobi¬ 
cally or anaerobically. 

(a) Respiration measurements. These were carried out in Ringer solution 
containing 0’0()25 mol. of sodium bicarbonate per litre. The initial of the 
solution was approximately 8-2. Concentrated potash was used as absorbent 
for COg. Two series of tissues were used in these measurements; eleven 
transplantable animal tumours, and rat liver and kidney, representative of 
normal tissues. 

Table III a summarises the findings with tumour tissues. 


Table III a. Respiration of tumour tissues in Ringer solution, ivith and 
without sugar additions. 


CNallCOg = 

= 0-0025 mol. per 

litre. Gas pliase O 2 . 



Qot, 

Qo, 

Qo, 


Glucose added Xylose added 

No sugar 

Tissue 

o/ 

0-2 % 

added 

Tar carcinoma 2146 

-10-7 

-121 

- 12-6 


-13-1 

-16-6 

- 16-9 

Jensen’s rat sarcoma 

- 14-3 

-16-6 

- 16-9 


- IM 

-139 

-12-5 


- 9-8 

-li-O 

- IM 


-10-4 

- 13-3 

-13-1 


-121 

-140 

- 14-3 


- 7-2 

- 9-0 

- 9-2 


-141 

-16-7 

-16-9 


- 10-8 

-131 

-12-7 


- 9-7 

-11-0 

-11-2 

Average 

-11-2 

-13-4 

-13-4 

With glucose-containing Ringer solution, the values obtained were con¬ 
sistently somewhat lower than those obtained in the absence of glucose. 

The average lowering in 

the examples recorded was about 10 %. 

Table III h shows the results obtained with normal tissues. Though the 
measurements were made under identical conditions, the effect of the addition 

of glucose was not to lower the respiration but, on the 

average, to raise it 

slightly. 




Table III 6. Respiration of normal tissues, with and without sugar additions. 

CNttHOO* 

“0-0025 mol. per 

litre. Gas phase Og 



^o, 

Qoi 

Qot 


Glucose added 

Xylose added 

No sugar 

Tissue 

0-2 

0-2 % 

added 

Mouse liver 

- 8-8 

- 8-2 

- 6-6 

Rat liver 

-10-5 

- 9-8 

-111 


- 7-3 

- 7-6 

- 6-4 


-11-7 

-12-0 

-121 


- 9-2 

- 8-9 

- 8-9 

Rat kidney 

- 6-1 

- 5-2 

- 5-5 

-21-6 

-20-3 

- 20-0 

f» 

-16-6 

- 15-0 

- 15-0 


-16-6 

-17-6 

-14-9 

»> 

-22-6 

-22-2 

-21-4 

Average 

-13*1 

-12-7 

-12-2 
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Since the arbitrary conditions under which these measurements of respira¬ 
tion were made deviate considerably from normal physiological conditions, 
particularly with respect to the pjj and the bicarbonate concentration, their 
general significance is doubtful. The implied checking of respiration by glyco¬ 
lytic activity was tested under more appropriate conditions, which are 
recorded in the following section. 

(6) General metaholism measnrements. The standard solutions for the simul¬ 
taneous determination of respiration and aerobic glycolysis were employed, 
with --== 0*025 mol. per litre and pjj 7*35. 

Table IV gives a summary of the results obtained. 


Table IV. Comparison of tumour m.etaholism in presence of 
glucose and xylose, 

ONunroa — mol. jxt litre. Gas phase —5 OO 2 in O^. 

Glucose added 0-2 % Xylose added 0-2 % 


Tissue 

Qoi 

M 

Qot 

M 

M 

Crocker sarcoina 

- 8-3 

-4 121 

-10-8 


4-1-2 


-10-6 

4 14-5 

- 11-4 

_ 

4M 


-13-6 

+ 15-5 

-14-5 

■ 

4 1-P> 


- 9-9 

+ 1(V8 

121 

- 

4 0-8 


-15-8 

4-17-8 

-15-8 

_ 

41-0 

Jensen’s rat sarcoma 

-ll'O 

+ 9-3 

-13-1 

_ 

4 1-3 


-11-6 

4-121 

-13-7 

- 

4 0-9 


- 9-8 

4- 8-9 

-11-2 

- 

41-2 

Average 

-11-3 

-hl3-4 

- 12-8 

- 

41-1 


Tissues from the same animal were used in concurrent estimations in the 
presence of glucose and of xylose. The results show an appreciable lowering 
of the respiration, about 12 % on the average, in the glucose-containing 
Ringer solution when compared with the xylose-containing Ringer solution. 
With xylose present no acid formation results through sugar splitting, either 
aerobically or anaerobically. 

The tentative conclusion is that glycolytic activity exerts a significant 
checking effect on the capacity for respiration of tumour tissue. 

Influence of environment on the carbohydrate metabolism of 
Jensen^s rat sarcoma, 

A few observations of the carbohydrate metabolism of Jensen’s rat sar¬ 
coma were made with the intention of confirming the numerous consistent 
values found by Warburg and his collaborators. 

Anomalous results were obtained, a tendency for the respiration to be 
high with respect to the anaerobic glycolysis being often noticed. The value 
of V was often negative. In Table V are collected the results of a few of 
these preliminary determinations. 

The tumour strains of the Imperial Cancer Research Fund are propagated 
by subcutaneous grafts in the flank. 
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Table V. Jensen rat sarcoma. 


4^0. 



Meyerhof 

quotient 

U 

- 15‘2 

+13-5 

+ 20-2 

0-8 

-4-2 

- 11-7 

+ 10-2 

4 24-0 

1-2 

fO-b 

-13-2 

+ 10 b 

+ 201 

0-7 

~b-3 

-12-2 

+ 11-] 

+ 1S-8 

0-6 

-5-6 

~-12-8 

+ 14-5 

+ 2(5-5 

1-0 

+ 0-9 

-10-9 

-f 9-3 

+ 21-6 

M 

-0-2 


The work of Campbell [1926] on tissue oxygen and carbon dioxide tensions 
lias shown, liy the method of gas injection, that thf^ tensions of these gases 
vary in different parts of the body. Campbell ,uid Cramer [1928] showed that 
rapidly growing implanted tumours in rats and mice show a greatly diminished 
rate of growth during prolonged exposure to low oxygen pressures. These 
observations suggested the possibility that the abnormal results recorded in 
Table Y might be due to effects determined by the site of transplantation. 
Accordingly comparative series of metabolism measurements were made on 
two series of tumours, one series transplanted subcutaneously and the other 
intraperitoneally. The tumour used was Jensen’s rat sarcoma, the rats chosen 
being of about the same age, 2 to 3 months. The inoculations were made with 
material from the same tumour and at the same date. 

The tumours grown intraptuitoneally are relatively more haemorrhagic 
than those grown subcutaneously and develop as a number of nodules adherent 
to neighbouring surfaces. As growth proceeds, these nodules unite, forming 
a large coherent mass. Isolated nodules provide the best material for meta¬ 
bolism experiments; microscopically they show numerous mitotic figures and 
no necrotic areas are visible. 

The results are collected in Table VI. 

Table VI. Comparison of metabolism of Jeyisen rat sarcoma when transplanted 
subcutaneously and intraperitoneally. 


Subcutaneous transplantations Intrapcritoneal transplantations 




M 

U 

/— 

Qo-i 

M 


U 

-19 3 

+ 12-3 

+ 28-4 

- 10-2 

- b-2 

+ 12-6 

+ 31-6 

+ 19-2 

- 16-1 

4 19-6 

+ 32-6 

+ 04 

- 7-6 

4 11-9 

+ 29-0 

+ 13-8 

- 16-4 

+ 16-8 

+ 32-8 

0 

-12-3 

+ 15-1 

+ 26-9 

^ 23 

-13-6 

+ 13-7 

+ 27-b 

+ 0-4 

- IM 

+ 15-4 

+ 340 

-f 11-8 

-18-9 

+ 22-5 

+ 31-6 

- 6-2 

- 8-6 

+ 14-2 

4-25-4 

+ 8-2 

-19*3 

+ 201 

+ 33-4 

- 5-2 

-111 

+15-0 

+ 25-4 

+ 3 2 

-15-2 

+ 141 

+ 27-3 

- 3-1 

- 13-3 

+ 22-3 

+ 37-5 

+ 10-9 

-16-6 

+ 15*5 

+ 27-3 

- 5-9 

- 10-3 

4 22-2 

+ 37-5 

+ lb-9 

-191 

+ 25-8 

+ 36-3 

~ 1-9 

-12-3 

+ 8-6 

+ 25-0 

+ 0-4 

-27-9 

+ 26*5 

+ 36*4 

- 19*4 

- 9-6 

+ 8-4 

+ 24-7 

+ 5-5 

-18-5 

+ 24-5 

+ 34*8 

- 2*2 

-12-4 

+ 17-9 

+ 33-6 

+ 8-8 

-14-2 

+ 24-2 

+ 34-9 

+ 6-5 

-12-9 

+ 17-1 

+ 32-8 

+ 7-0 

-15-3 

+ 18-0 

+ 30-6 

0 

- 15-7 

+ 17-2 

+ 34-9 

+ 3-5 

-120 

+ 17-5 

+ 34-5 

+ 10-5 

- 15-9 

+ 17-2 

+ 34-9 

+ 3-1 

-16*9 

+ 23-3 

+ 34-9 

+ M 

- 12 b 

+ 17-4 

+ 37-3 

+ 12-1 

-16-7 

+ 25-4 

+ 30*9 

- 2-5 

- 7-0 

+ 18-4 

+ 35-3 

+ 21-3 

-18*1 

+ 25-2 

+ 33-5 

- 2-7 

__ 

— 

— 

— 

Av. -17-3 +20-3 

Bioohem. 1929 xxm 

+ 32-2 

- 2-4 

-11-2 

+ 16-7 

+ 31-6 

+ 9-2 

35 
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A consideration of these results leads to the following conclusions, 

1. All the tumours grafted intraperitoneally show a carbohydrate 
metabolism conforming to that found by Warburg. A positive TJ, or excess 
fermentation, is a common property. 

2. A large majority of the tumours grafted subcutaneously show a value* 
for JJ which is either negative or near zero. 

3. The magnitude of the respiration of the tumours grafted subcutaneously 
is considerably higher than that of the tumours grafted intraperitoneally. 
This increased respiration is in the neighbourhood of 50 %. 

A corresponding increase in the aerobic glycolysis amounts to about 30 %. 

4. The anaerobic glycolysis is, on the average, of the same magnitude in 
each series. 


Summary and discussion. 

1. Estimations of the carbohydrate metabolism of several strains of mouse 
tumours are recorded. Great deviations from the standard values found for 
tumours of rat, fowl and a limited series of human tumours were observed 
in many cases. 

Wide variations are shown to occur between tumours of different strains, 
and also between members of the same strain. 

The most noticeable feature is the number of cases of high respiration, 
both in its absolute value and also in its relation to the aerobic and anaerobic 
glycolysis. This respiration is ineffective in checking the aerobic glycolysis, 
its activity in this direction being, in some cases, less than 10 % of that found 
in the case of working muscle, and in many mammalian tumours. 

Some factors which might operate in causing these variations are changes 
in the respiratory quotient, differences of environment during growth, effi¬ 
ciency of blood supply, and the generally higher metabolic rate of the mouse 
as compared with larger animals. 

2. A manometric method for the simultaneous measurement of the carbo¬ 
hydrate metabolism and the respiratory quotient is briefly described, based 
on the fact that the glycolysis effected by tumour tissue is a pure lactic 
fermentation. 

The respiratory quotients with one exception were found to be below 
unity. This would tend to make the actual aerobic glycolysis relatively higher 
than that usually recorded, since the assumption has hitherto been made 
that a respiratory quotient of unity would result from the experimental 
conditions. 

The results again illustrate the ineffectiveness of respiration in checking 
glycolysis. 

3. Xylose is not metabolised by tumour tissue. 

4. Evidence is brought forward which suggests that the glycolytic activity 
of tumours exerts a checking effect on their respiration. 
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5. The carbohydrate metabolism of tumours is to some extent influenced 
by the environment in which they grow. This is demonstrated by the study 
of two series of Jensen’s rat sarcomata, simultaneously transplanted, one 
series subcutaneously and the other intraperitoneally. 

The respiration of the subcutaneous growths was, on the average, 50 % 
higher than that of the intraperitoneal growths. The majority of these subcu¬ 
taneous tumours do not exhibit a positive value for the excess fermentation, 
which was, until recently, regarded by Warburg as a criterion for the meta¬ 
bolism of tumour tissue. 

The correlation of these differences with tlje normal tissue tensions of 
CO 2 and O 2 is difficult. Campbell found the oxygen tension in the abdominal 
cavity 50 % higher than under the skin, the CO 2 tensions being approximately 
the same. 

The higher respiration found in these two series of tumours corresponds 
to the low’^er Og tension in the surrounding tissues, and vice versa. It is obvious 
that other factors which have not yet been analysed are operative. 

The general result of these observations is to emphasise the difficulty of 
including the wide variations found in the carbohydrate metabolism of tumour 
tissue in one generalisation. 

The constant factor is the possession of a high aerobic glycolysis, which, 
though not specific for tumour tissue, is a source of energy available for 
uncontrolled proliferation. 

The author is indebted to Dr J. A. Murray and other colleagues for 
transplanting the tumours used in these experiments. 
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LXII. EXPERIMENTS ON NUTRITION. IX. 

COMPARATIVE VITAMIN B VALUES OF FOODSTUFFS. 
PULSES AND NUTS. 
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The good value of the ‘"katjang-idjo” bean (Phaseolus radiatns) as a pre¬ 
ventive and curative of beriberi was described by Grijns [1901]. Cooper [1912] 
and Chick and Hume [1917] subsequently made some quantitative tests with 
lentils and dried peas. The comparative values of these two pulses, with wheat 
germ as 100, w^as given in the Report on accessory food factors of the Medical 
Research Council (1924) as 80 and 40. Cajori [1920] found that the addition 
of 1 g. of various nuts to the diet restored growth to rats declining in weight. 
Observations by McCollum, Simmonds and Pitz [1917] on the nutritive value 
of the white bean led to the statement that 25 % of the bean in the diet of rats 
furnished sufficient vitamin B. Similar experiments with the soya bean by 
Daniels and Nichols [1917] and with the peanut by Daniels and Loughlin 
[1918] showed that 50 and 56 % of these foods supplied enough vitamin B 
for the rat. Also, Johns, Finks and Paul [1919] found that 75 % of coconut 
press cake had enough vitamin B for the rat. 

In view of the scanty information about these foodstuffs in regard to their 
vitamin B content, and in order to obtain their comparative values more 
closely, we have undertaken this series of experiments. Our results must at 
present be considered as the vitamin B^ -f vitamin Bg value, though the 
symptom of polyneuritis has been taken as far as possible as the criterion of 
the amount of vitamin in the foods. As our method of testing foodstuffs for 
vitamin B is very laborious the work has been limited to the more common 
varieties of pulses and nuts. 

Experimental. 

As in our former testing of foodstuffs for vitamin B [Plimmer, Rosedale, 
Raymond and Lowndes, 1927] pigeons have been used. They have been kept 
in pairs in suitably sized cages on the roof of the building. The earlier experi¬ 
ments were made with the foodstuff mixed with white rice and fish meal and 
with rearing as the standard of the vitamin B value. As the series of tests 
extended it was noticed that the thirds scattered and separated the mixture 
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and so white flour was used in place of white rice. The ingredients were mixed 
into a dough and the dough divided into pills which were dried in the air, or 
at 37°. This mixture could not be separated, and thus the birds had to eat the 
mixture required for experimentation. The standard of rearing was cojisidered 
too high and the standard of maintenance for at least 26 weighs was substituted. 
It had often been found that a period of 15 weeks was not long enough, and 
occasionally birds were observed to suffer from polyneuritis after as long a 
time as 30 weeks. 

The result with each foodstuff is given shortly together with the times of 
the experiment and the weights, etc., in the tables. 

S])lit 'peas. 

In the first trial the birds were on the split pea diet for 106 weeks and 
showed no signs of any ill-effect. The other tests showed that for maintenance 
the diet must contain 30 % split peas. Rearing was possible on 40 %, but 
precarious, and not improved on raising to 50 %. Table I gives the details. 


Table I. Split peas. 







Weights, g. 






Diet 










Cock 





Time 


_ 


Hen 




r 






in 

Split 

Wh-ite Fish 

No. 

No. 

Number 


Date 

weeks 

peas 

rice 

meal 

25/15 

25/10 

of eggs 

Result 

17. vi. 25 


40 

55 

5 

410 

350 

22 in Sept., Nov., 

Fiist 2 hatched and 








Feb., Mar., Apr., 

reared; 2 unfertile; 

to 







May, June, July, 
Sept. 

4 deserted; 9 fer¬ 
tile and deserted; 5 
hatched and died in 

12. X. 26 

69 




495 

410 


2nd week 

13. X. 26 


50 

45 

5 



2 in Nov. 

Both hatched and 

to 

4, i. 27 

12 


White 


515 

435 


died in Ist week 




flour 






5. i. 27 


40 

55 

5 



10 in Feb., Mar., 

All fertile and de¬ 

to 







Apr., May 

serted 

31. V. 27 

21 




480 

390 



1. vi. 27 


50 

45 

5 



2 in June 

Deserted 

to 









28. vi. 27 

4 




485 

430 








No. 

No, 








26/28 

26/30 



29. i. 27 


30 

65 

5 

415 

505 

16 in Mar., 

All were broken and 

to 







Apr., May, 

deserted, some were 

22. vii. 27 

25 




420 

430 

June, .July 

fertile 






No. 

No. 








21 

25/34 



20. i. 27 


20 

75 

5 

480 

500 

None 

Both birds showed 

to 








paralysis, but only 
hen seen vith re¬ 

13. ii. 27 

4 




310 

315 


tracted head. Died 






No. 9 

No. 10 



10. xii. 26 


10 

85 

6 

465 

465 

None 

Both paralysed. Cock 

to 








but not hen seen 
with retracted head. 

17. i. 27 

5 




390 

290 


Died 
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Whole dried green peas. 

The first test was started at the same time as that with split peas. The 
pair were on the diet for 87 weeks altogether and on changing to white flour 
for another 15 weeks. The pair of birds, previously on 30 % split peas, after 
a period on brown rice, were given a diet with 30 % green peas to test for 
maintenance. They remained for 27 weeks in good condition. There seemed 
thus no difference between whole green peas and split peas and no further trial 
of green peas was then made. The tests with green peas at 20 % and 10 % 
were made later (Table IT), and showed that 30 % dried green peas was the 
minimum for maintenance and that the husk contained no greater concentration 
of vitamin B than the endosperm. 

Table II. Whole dried green peas. 


Weights, g. 
Diet /-- 



Time 

Green 

_A,. .. 


Cock 

Hen 




in 

White Fish 

No. 

No. 

Number 


Date 

weeks 

peas 

rice 

meal 

25/1 

25/13 

of eggs 

Result 

17. vi. 25 


40 

55 

6 

365 

315 

14 in Sept., 

6 hatched and reared; 

to 







Oct., Dec., Feb., 

4 fertile and de¬ 

l.vi. 26 

50 






Apr., May 

serted; 4 unfertile 

2. vi. 26 


30 

65 

5 

410 

350 

15 in June, 

All deserted; some 

to 







July, Aug., 

fertile 

28. ix. 26 

17 






Sept. 


29. ix. 26 


40 

55 

5 

450 

360 

4 in Oct. 

AU deserted 

to 









15. li. 27 

20 











White 









flonr 






16. ii. 27 


40 

55 

5 

490 

400 

12 in Feb., 

All deserted 

to 







Mar., Apr., 


31. V. 27 

15 






May 


1. vi. 27 


50 

45 

5 

390 

36q 

4 in June 

All deserted 

to 









28. vi. 27 

4 




420 

360 








No. 

No. 








26/28 

26/30 



14. ix. 27 


30 

65 

5 

410 

436 

10 in Oct., 

2 hatched and died 

to 







Feb., Mar. ^ 

in 1st week; 8 de¬ 

21. iii. 28 

27 




450 

486 


serted 






No. 96 

No. 66 



10. X. 28 


20 

75 

5 

395 

405 

None 


to 









9. i. 29 

13 




376 

385 



to 









3. iv. 29 

25 




340 

310 


Hen died with large 

to 








heart. Cock showed 

24. iv. 29 

28 




300 



retracted head, and 









died 






No, 77 

No. 128 



30. i. 29 


10 

85 

5 

496 

445 



to 









13. iii. 29 

6 




320 

320 

None 

^Both showed para- 


lysis, the cock with 
retracted head. Both 
died ixi 7tfa week 
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Lentils, 

Altogether the pair of birds were kept 79 weeks on lentils and rice. There 
was an improvement in rearing on raising to 50 % lentils. 

The trial with 20 % lentils was made on the birds previously used with 
split peas. They were given brown rice in the interval. 

The details given in Table III show that for maintenance 30 % lentils are 
required. Rearing was scarcely possible on 40 %, but fairly good on 50 %. 


Table III. LenttLs. 


Diet 

Xirae r -^^ 

in Whit -0 Fish 

Date weeks Lentils rice meal 
5. viii. 25 40 55 5 

to 

29. vi. 26 47 


50. vi. 26 
to 

8. 11. 27 


9. 11. 27 

oo 

1. vi. 27 


9. ii. 27 
to 

22. vi. 27 


50 

52 

40 

17 

30 

19 


45 5 


White 

flour 

55 


6o 5 


6. vii. 27 
to 

25. viii. 27 7 


18. viii. 27 20 75 5 

to 

12. X. 27 8 


Weights, g. 

A 


Cock Hen 

No. No. 

Number 


53 

25/5 

of eggs 

Result 

420 

355 

9 in Nov., 
Mar.. Apr., 
May 

2 unfertile; 3 hatched 
and died; 1 reared 
but abnormal; 1 
dead at hatch; 2 
fertile, deserted 

420 

440 

7 in July, 
Aug., Sept., 
Oct. 

2 hatched and died; 
2 hatched and rear¬ 
ed; 3 fertile, de¬ 
serted 


450 

510 

5 in Mar., 

All deserted. Birds 

420 

440 

Apr., May 

escaped 

No. 75 

No. 70 



430 

435 

6 in May, 

AU deserted. Hen 

380 

425 

Juno, July 

escaped 


No. 54 



395 

340 

2 in July 

Deserted 

410 

370 



No. 

No. 



25/15 

25/10 



475 

395 

2 in Aug. 

Deserted. Both birds 



showed retracted 

395 

285 


head and were cured 


Haricot beans. 


The first pair of birds (^d not like the beans and only ate them if compelled 
by not getting a new supply of food until the old had been cleared up. 

The tests as given in Table IV showed that 40 % was required for main¬ 
tenance. 

The same pair, after a period of about 5 weeks on wheat, were started 
on 30 % haricot beans. At death both birds were found to have tumours. 
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Table IV, Hanooi beans. 


Weisrhts, tr. 
Diet f -^— 



Time 

^ - 

--A-- 


Cock 

Hen 




in 

Haricot White Fish 

No. 

No. 

Number 

Result 

Date 

weeks 

beans 

riee 

meal 

25/14 

25/19 

of eggs 

1. vii. 25 


40 

55 

5 

360 

345 



to 









13. X, 25 

15 




230 

315 

None 

Cock ill, cbV»ro- 

to 








formed 

23. xii. 25 

25 


White 



275 


Hen iU, chlorofomed 




flour 


No. 6 

No. 4 



2. iii. 27 


40 

55 

5 

435 

375 

18 in Mar., 

Generally deserted 

to 







Apr., May, 

after a few days, 

10. viii. 27 

23 




440 

395 

June, July 

some found fertile 






No. 84 

No. 37 



24. xi. 27 


20 

75 

5 

450 

400 



to 

4. i. 28 

6 




320 

320 

None 

Cock died with very 

to 








wet tissues 

4. iv. 28 

20 





325 


Hen died with typical 
polyneuritis 






No. 6 

No. 4 



16. ix. 27 


30 

65 

6 

425 

425 

6 in Sept., 

Deserted 

to 

9. i. 28 

17 




475 

340 

Oct. 

Hen died with growth 









in oviduct 







No. 69 



29. ii. 28 

24 




445 

305 

9 in Mar., 

All deserted 

to 







Apr., May, June 


18. V. 28 

40 




306 

340 

Cock died; tumour in 

to 








testis 

12. ix. 28 

28 





295 


Hen showed signs of 


polyneuritis 


Table V. Soya beam. 





Diet 


Weights, g. 




Time 

r 

-A- 

"V 

f 

^- N 




in 

Soya 

White Fish 

Cock 

Hen 

Number 


Date 

weeks 

beans 

flour 

meal No. 52 

No. 42 

of eggs 

Result 

8. ii. 28 


30 

66 

5 

490 

630 

10 in Apr., 

All unfertile 

to 







May, June, 


22. viii. 28 28 




425 

500 

July, Aug. 






No. 100 

No. 233 



24. iv. 28 


40 

65 

6 

410 

425 

4 in May, 

1 fertile; 3 unfertile 

to 







June 


27. vi. 28 

9 




415 

475 



28. vi. 28 


20 

75 

5 



2 in July 

Hatched and died 

7. xi. 28 

19 




345 

370 


Hon slightly para¬ 

to 








lysed and died; cock 

20. i. 29 

31 




420 



better 






No. 37 

No, 332 



17. X. 28 


10 

85 

5 

445 

385 

None 

Both showed paraly¬ 

to 








sis in 6th week; hen 

14. xi. 28 

4 




315 

316 


with retracted head 
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Soya beans. 

The details in Table V tend to indicate that 20 % soya bean suffices for 
maintenance. On this quantity the birds began to lose weight, but slowly 
regained it. The hen in the I8th week suffered from an eye infection and died. 
Both birds ate very little during the time of the experiment and never looked 
really well. We have several times noticed that pigeons which eat little can 
maintain themselves on a diet with just too little vitamin B for a long time 
but not indefinitely. It cannot be considered that 20 % soya bean is enough; 
30 % is nearer the minimum quantity. 

PcaMuis. 

The test of peanuts is .^hown in Table VI. 

20 % is enough for maintenance; rearing was possible on 40 %. Similar 
figures, twice as much vitamin B being required for rearing as is needed for 
maintenance, have been found in previous experiments. 


Table VI. Peanuts. 







Weights, g. 






Diet 



.^ 




Time , 


__A- 

- ^ 

Cook 

Hen 




in 

Pea¬ 

White Fish 

No. 

No. 

Number 


Date 

weeks 

nuts 

rice 

meal 

25/26 

43 

of eggs 

Result 

20, ii. 26 


40 

55 

5 

455 

430 

8 in Mar., 

5 hatched and reared; 

to 







May, July, 

1 hatched and died; 

29. ix. 26 

31 




430 

415 

Aug. 

1 addled; 1 unfertile 

30. ix. 26 


30 

65 

5 



] in Oct. 

Fertile, deserted 

to 









9. ii. 27 

19 




490 

485 






White 









flour 






10, ii. 27 


30 

65 

5 





to 






No, 23 


Hen escaped 

9. iii. 27 

4 




465 

450 

4 in Apr., 

New hen. 

to 







May 

Fertile, deserted 

25. V. 27 

15 




360 

480 


Cock not well; ex¬ 









periment stopped 






No. 

No. 








83 

25/27 



23. ii. 27 


20 

75 

5 

410 

385 

16 in Fob., 

3 hatched and died; 

to 







Mar., Apr., 

1 hatched and rear¬ 

24. viii. 27 

26 




390 

350 

June, July, 

ed; 12 fertile, de¬ 








Aug. 

serted 






No. 

No. 








83 

25/27 



6. X. 27 


30 

65 

5 

415 

390 

10 iu Oct., 

2 hatched and died; 

to 







Nov., Deo., 

7 fertile; 1 unfertile. 

14. iii. 28 

23 




435 

280 

Jan., Feb. 

deserted. Hon sud¬ 









denly not well; ex¬ 









periment stopped 






No. 88 

No. 25/5 



16. vi. 27 


10 

85 

5 

395 

405 

2 in July 

Unfertile, deserted 

to 









31. viii. 27 

11 




360 

325 


Hen had polyneuritis 

to 








and died 

2. xi. 27 

20 




325 



Cock had polyneuritis 









and was cured with 









1 g, of wheat germ 









bemax”) 
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Almonds, 

The vitamin B value of almonds was tested both with ground almonds, such 
as are used in making cakes, and with whole almonds, which were put through 
a mincer before being incorporated with white flour and fish meal. The two 
varieties were used to ascertain if the skin contained any vitamin B (see 
Table VII). 

The first pair of birds were on the ground almond diet for 72 weeks in all. 
The other pairs on smaller amounts of ground almonds indicated that 40 % 
was required for maintenance. 

The experiments with whole almonds (Table VIII) were started with 20 % 
and 30 % in the diet, the one with 40 % after the other results wore known. 

The minimum quantity of whole almonds for maintenance was thus 40 %, 
the same as with ground almonds. The skins do not appear to contain more 
vitamin B than the rest of the seed. 


Table VII. Ground almonds. 


Weights, g. 





Diet 

^ -A 

-s Cock 

-^ 




Time 

r" 

_A- 

Hen 




in 

Ground White Fish No. 

No. 

Number 


Date 

weeks almonds 

rice 

meal 1 

5209 

of eggs 

Result 

1. iv. 26 


40 

65 

5 485 

420 

8 in Apr., 

2 unferthe; 6 ferthe; 

to 






May, June 

no hatching 

14. vii. 26 

15 



445 

400 



16. vii, 26 


50 

46 

6 


8 in July, 

All ferthe; 1 hatched 

to 






Aug., Oct., 

and died 

9. hi. 27 

34 



490 

480 

Mar. 





White 








flour 





10. ih. 27 


50 

46 

5 


6 in Apr., 

All deserted; some 

to 






May 

ferthe 

25. V. 27 

11 



470 

410 



26. V. 27 


60 

35 

5 


8 in June, 

Ah fertile, deserted 

to 






July, Aug. 


24. Yin. 27 

12 



470 

440 







No. 89 

No. 49 



9. xi. 27 


40 

65 

5 385 

370 

14 in Dec., 

Mostly ferthe, no 

to 






Jan., Feb., 

hatching 

14. hi. 28 

18 



400 

365 

Mar., Apr., 

Codk had head re¬ 

to 






May 

traction in 17th 

20. vi. 28 

32 



380 

3^0 


week and was cured 


by 1 g, of dried 
yeast and remained 







No. 76 

No. 449 

well 

1. ix. 27 


30 

65 

6 

435 

485 

Cock had head re¬ 

" to 







traction in 9th week 

26. X. 27 

8 




425 

410 

and died; hen ill, 

to 

8. h. 28 

19 





430 

but recovered 






No. 63 

No. 92 


9. h. 28 


30 

65 

5 

440 

420 

Bo^h birds had head 

to 

4. iv* 28 

8 




280 

276 

retifwjtion and died 






No. 76 

No* 16 


23. vi. 27 


20 

75 

5 

420 

325 

Both birds showed 

to 







head retraction and 

20. vii. 27 

4 




290 

260 

were cured 
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Table VIII. Whole almonds. 





Weights, g. 




Diet 


-- ..w- 

_ 




Time ,-- 

- ^ 

Cock 

Hen 




in Whole White 

Fish 

No. 

No. 

Number 


Date 

weeks almonds flour 

meal 

67 

128 

of eggs 

Result 

15. iii. 28 

30 65 

5 

380 

425 

2 in Mar. 

Roth hatched and 

to 






died in let week 

23. V. 28 

10 


300 

380 


with large hearts 







and wet tissues 


Cock died 25. iii. 28 
with paralysis, but 
head not seen re¬ 
tracted. Hen had 
head retracted on 
29. V. 28 and was 
cured with 075 g. 
dried yeast 

No. 88 No. 294 


25. iv. 28 


20 

75 

5 415 

415 

2 in Apr. 

Deserted 

to 







23. V. 28 

5 



355 

285 


Cock had head re 


tracted in 5th week 
and was cured with 
0 5 g. dried yeast. 
Hen had head re¬ 
tracted in 6th week 
and was cured with 


• 0*5 g. wheat germ 

No. No. 

2569 50 


17. V. 28 


40 55 

5 

345 

470 

2 in May 

1 unfertile; 1 fertile, 

to 






deserted 

31. X. 28 

24 



375 

435 


Cock escaped 

to 







14. xi. 28 

26 




465 




Table IX. Hazel nuts. 


Diet Weights, g. 



Time 

1 — 

- 

’ ^ 

r - 

■-^ 




in 

Hazel 

White Fish 

Cock 

Hen 

Number 


Date 

weeks 

nuts 

flour 

meal 

No. 57 

No. 6 

of eggs 

Result 

7. xii. 27 


30 

65 

5 

520 

475 

6 in Mar., 

All fertile; 5 hatched 

to 







Apr., May 

and died 

13. vi. 28 

27 




475 

395 








No. 96 

No. 65 



28. i. 27 


20 

75 

5 

380 

425 

8 in Mar., 

2 unfertile; 6 fertile, 

to 







Apr., May, 

all deserted 

8. viii. 28 

32 




350 

275 

June 


to 









22. viii. 28 

34 




330 

365 


Hen showed poly¬ 









neuritis ; cured with 









1 g. wheat germ 






No. 57 

No. 6 



13. vi. 28 


10 

85 

5 

475 

395 



to 









4. vii. 28 

3 




350 

300 


Both had polyneu- 


ritis and both cured 
with 0-5 g. marmite 


Hazel 7iuts. 

The test of hazel nuts is shown in Table IX. The pair on 30 % after a period 
of 27 weeks were then given 10 %. The minimum quantity for maintenance of 
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adult pigeons thus seemed to be 20 %. It may be noted that the hen became 
ill after 30 weeks and showed polyneuritis. This was possibly the result of 
laying so many eggs. 

Chestnut. 

For the purpose of these experiments dried chestnuts were used, as they 
could be obtained during almost the whole year, and as they were in this state 
more easily comparable with almonds and hazel nuts. 

As a preliminary to the trial a pair of birds were given the dried chestnut 
with 5 % fish meal to see if they would eat it. It was eaten well and the 
birds increased in weight. In the first trial the birds were on the chestnut diet 
for 75 weeks. They were then given a diet of brown rice with 5 % fish meal 
and later tried with 30 % chestnut. Table X shows that the quantity of dried 
chestnut for maintenance is 40 %. Some rearing was possible on this amount, 
but it was better with 50 %. 

Table X. Chestnut. 


Diet Weights, g. 



Time 

^ - 

-A- 

- ^ - K 

-^ 




in 

Chest¬ 

White Fish 

Cock 

Hen 

Number 


Date weeks 

nut 

rice 

meal 

No. 7 

No. 8 

of eggs 

Result 

10. ii. 26 


95 

0 

6 

600 

386 



to 







• 


3. iii. 26 

4. iii. 26 

3 

60 

46 

6 

555 

445 

4 in Mar., 

All hatched and 

to 

9. Vi. 26 

14 




465 

380 

Apr. 

reared 

10. vi. 26 


40 

55 

5 



14 in June, 

2 hatched and rear¬ 

to 







July, Aug., 

ed; 8 unfertile; 9 

16. iii. 27 

40 


White 


505 

425 

Sept., Feb. 

fertile, deserted 




flour 






17. iii. 27 


40 

55 

5 



10 in Mar., 

All deserted 

to 







Apr., May 


1. vi. 27 

2. vi. 27 

11 

50 

45 

5 

445 

405 

5 in June, 

All deserted 

to 







July 


10. viii. 27 

10 


Brown 


455 

385 






rice 






11. viii. 27 

8 

0 

95 

5 

510 

430 



to 

5. X. 27 



White 









flour 


No. 14 

No. 13 



24. viii. 27 


20 

75 

6 

450 

395 

2 in Aug. 

Deserted 

to 








20. ix. 27 

4 




335 

286 


Cock showed retract¬ 

to 








ed head. Cured with 
1 g. wheat germ 

26. X. 27 

10 





260 


Hen had paralysis 









and died 






No. 7 

No. 8 



6. X. 27 


30 

65 

5 



2 in Oct. 

Deserted 

to 









23. xi. 27 

7 




420 

340 


Cock showed retract¬ 

to 








ed head. Cured with 
1 g. of wheat germ 

30. xi. 27 

8 




420 

330 


Hen showed retract¬ 









ed head. Cured with 
1 g. of wheat germ 
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Coconut. 

The coconut used in these experiments was the material commonly 
employed for making cakes and sweets, and consisted of the dried and flaked 
flesh of the nut. 

It was expected that this food would show about the same value as the 
other nuts, and the first trial was made with 40 % mixed with white rice. The 
birds did not appear to eat the coconut, and after 6 weeks the trial was stopped 
as the birds had lost weight and looked ill. They were put upon millet, their 
former diet, for the next 3 weeks and were then given coconut mixed with 
5 % fish meal. The food was not liked and little was eaten. Both birds 
showed paralysis and died. 


Table XI. Coconut. 


Diet Weights, g. 



Time , 
in 

(loeo- 

t\'hite 

Fish 

Cock 

Date 

weeks 

lUlt 

ric(i 

meal 

No. 15 

27. i. 2(> 


40 

5.5 

5 

495 

to 






10. iii. 26 

6 




340 

ai. iii. 26 


9r> 

0 

5 

405 

to 






28. iv. 26 

4 




335 

to 






23. vi. 26 

12 




No. 

25/14 

2. vi. 26 


90 

0 

5 

3()5 

to 

7. vii. 26 

5 




290 

to 






21. vii. 20 

7 






Hen 

Number 


Ko. 16 

430 

of eggs 

Result 

360 

425 


Ate mostly rice 

3.55 


Cbi'k showed retract¬ 
ed head and died 

280 

No. 

2ryj21 

345 


Hen showed paraly¬ 
sis and died 

285 


Cclek showed retract¬ 
ed head and died 

245 


Hen showed retract¬ 
ed head. Cured with 


1 g.yeast 


Table XII. Coffee. 





Diet 


AVeights, g. 




Time 

^ - 



-A 

- ^ 




in 

Green 

White Fish 

Cock 

Hou 

Number 


Date 

weeks 

coffee 

rice 

meal 

No. 7 

No. 8 

of eggs 

Result 

5. i. 28 


30 

05 

5 

600 

445 



to 









29. ii. 28 

8 




345 

305 


Cock showed retract¬ 









ed head. Cured with 

to 








1 g. w'heat germ 

21. iii. 28 

11 




325 

285 


Cock died 

to 









28. iii. 28 

12 





255 


Hen was paralysed 









and died 



Roasted 









coffee 



No. 39 

No. 60 



29. xii. 27 


30 

65 

5 

380 

455 



to 









l.ii. 28 

6 




225 

305 


Both birds died 






No. 84 

No. 62 



10. ii. 28 


50 

45 

5 

370 

385 



to 









9, iU. 28 

4 




245 

265 


Both birds died 
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As coconut is such a common foodstuff one more trial was made. The 
former result was confirmed (see Table XI). 

The flesh of the coconut, as prepared for making cakes, thus appeared to 
contain no vitamin B. 


Coffee. 

It was not expected that roasted coffee would contain vitamin B, but it 
was felt necessary to try the experiment. Two experiments were made with 
30 and 50 % coffee. The birds died after the 5th and 4th weeks respectively. 

At the same time a trial was made with 30 % green coffee. As the birds 
lived for 8 to 12 weeks it would appear that green coffee contained some 
vitamin B. A higher proportion in the diet was not tried. The vitamin in the 
seed is thus destroyed during the roasting (see Table XII). 

Discussion and summary. 

Previous work upon the vitamin B value of pulses and nuts suggested that 
the pulses had varying values, but that nuts were of more uniform value. 
Our results do not support the older observations. Pulses have been found to 
have a very similar vitamin B value, whilst nuts showed considerable variation. 
Hazel nuts were of highest value, coconut was of no value. 

It is convenient to adopt a standard for comparison. In our former work 
[1927] dried yeast was taken as standard. 4 % of this food was found sufficient 
to maintain a pair of pigeons for 26 weeks or longer. It was placed at 100. 
Using the same standard the pulses and nuts now tested come out as follows. 

Percentage 



amount in 

Relative 


diet for 

vitamin B 


maintenance 

value 

Dried yeast 

4 

100 

Split peas 

30 

13 

Whole dried green peas 

30 

13 

Lentils 

30 

13 

Haricot beans 

40 

10 

Soya beans 

30 

13 

Peanuts 

20 

20 

Ground almonds 

40 

10 

Whole almonds 

40 

10 

Hazel nuts 

20 

20 

Dried chestnuts 

40 

10 

Coconut 

No maintenance 

0 

Coffee, green 

Over 30 

Less than 13 

Coffee, roasted 

No maintenance 

0 


These figures do not compare strictly with those given for cereals in our 
former work, as the standard of hatching and rearing was then taken as 
criterion of the vitamin B value. The values of cereals are being re-determined 
on the standard of maintenance for a period of at least 26 weeks. The 
amount of whole wheat for maintenance has been found to be 40 %, whilst 
oatmeal and maize are showing 50 %, a higher value than was expected. 
Other tests are being made with fruits and vegetables. Potatoes and artichokes 
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at 80 % and parsnips and leeks at 60 % of the diet have been found to main¬ 
tain pigeons for long periods. The other vegetables and fruits have no appreciable 
quantity of vitamin B. 

In these experiments it has again been observed that for hatching and 
rearing of young pigeons more vitamin B is required than for maintenance. 
In many cases rearing has been possible on double the amount needed for 
maintenance. 

As it is not possible at present in the case of these foodstuffs to differentiate 
vitamin B into B^^ and Bg factors, the results must be considered as due to the 
two factors together, though the symptoms of polyneuritis have been taken 
as the indication of the value. Loss of weight cannot be regarded as an indica¬ 
tion of vitamin Bg value. As soon as the food mixture is not suitable for main¬ 
tenance of the pigeons, consumption of the food gets less and less and the birds 
lose weight in consequence. Polyneuritis has never been observed without 
refusal of the birds to eat. Both Cooper, and Chick and Hume, have men¬ 
tioned quantities of foodstuffs required to prevent loss of weight of pigeons, 
but our experience indicates that continuation of their experiments for a longer 
period would have led to polyneuritis. 

We acknowledge with thanks a grant from the Government Grant Com¬ 
mittee of the Royal Society which has defrayed a portion of the costs of these 
experiments. 
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Recent observations on the effects produced in animals by excessive feeding 
with irradiated ergosterol have provided definite results which are at variance. 
Pfannensteil [1927], Kreitmair and Moll [1928], and Harris and Moore [1928] 
have shown that rats and some other animals become ill in a few days and 
die in a week or two when they are given some milligrams of this substance 
daily in addition to a normal diet; and Kreitmair and Moll [1928J and Kreit¬ 
mair and Hintzelmann [1928] described an atrophic spleen, haemorrhagic 
enteritis, and extensive and severe arteriosclerosis as the prominent patho¬ 
logical features. On the other hand, Dixon and Hoyle [1928] were unable to 
confirm these results. They found that rats failed to gain in weight when fed 
with similar amounts of irradiated ergosterol, and when killed, after being fed 
in this way for about 40 days, showed calcium phosphate calculi in the urinary 
tract. Dixon and Hoyle used ergosterol which had been irradiated in oily 
solution, and they suggested that the medium in which irradiation is effected 
may be a deciding factor in determining the toxicity of the product as shown 
by feeding experiments with very large doses. In the exj)erimcnts of Harris 
and Moore the ergosterol had been irradiated in alcoholic solution. The German 
observers did not state their method of irradiation. 

In the experiments described in the present paper the work of Dixon and 
Hoyle has been repeated with the addition of certain quantitative estimations 
on the urine in an attempt to determine the immediate cause of the formation 
of the calculi found in such experimental animals. 

Experimental. 

Twenty-four half-grown albino rats each weighing about 180 g. were chosen 
for the experiment and kept throughout in cages of the Hopkins pattern, two 
rats in each cage. The urine was collected by Hopkins’s method in 3-day 
periods, and that from three cages mixed and analysed together. In this way 
four groups, each consisting of six rats, were maintained, and two of these 
groups received the experimental diet and two were kept as controls. The 
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volume of urine passed by each group was measured separately. The contents 
of the three flasks from each group were poured into a graduated cylinder and 
the volume noted. In this way the average amount of urine passed per rat 
per day could be calculated. The urine was then poured back into one of the 
flasks; the graduated cylinder and the two remaining flasks were washed out 
with 20 cc, of distilled water and these washings were added to the main bulk 
of urine. The analyses were made on this diluted urine and allowance made 
for the dilution by calculation. In the earlier estimations the urine was acidified 
with 5 cc. of N IICl in order to dissolve any calcium phosphate which might 
have crystallised out: in the later estimation^, which were made daily, no 
acid was added. When the estimations were not carried out immediately the 
urine was preserved with chloroform. 

We intended to estimate the urinary calcium excretion, but we found that 
in using the ordinary Shohl and Pedley technique [1922] for the calcium 
estimations it was impossible to obtain with certainty a sufficiently clear 
solution after digesting the urine with ammonium persulphate. In the case 
of rats’ urine this oxidation gives rise to an insoluble substance which has not 
yet been thoroughly investigated. As it was partly organic in nature, we con¬ 
sidered that further investigation of the completeness of the oxidation of urates 
and allied substances in rats’ urine by this method was necessary before it 
could be relied upon as a step in the estimation of calcium. For this reason 
we were compelled to abandon calcium estimations in the present experiments. 

Urinary phosphate was estimated by Briggs’s method [1922]. The acidified 
urine was shaken and allowed to stand; 10 cc. were withdrawn and the HCl 
previously added neutralised by the calculated amount of iV/10 NaOH. The 
solution was then made up to 100 cc. and 1 cc. used for the estimation. During 
the last 9 days of the experiment daily estimations of urinary phosphates, 
chlorides, and were made. Chlorides were determined by Whitehorn’s 
modification of Vollhard’s method. The hydrogen electrode was used for the 

determinations. In all the estimations duplicates were done as far as 
possible, and gave satisfactory readings. 

All the animals received a control synthetic diet for a preliminary period 
of 14 days. The synthetic diet consisted of caseinogen 20 %, potato starch 
35 %, sugar 10 %, cacao butter 20 %, orange juice 5 %, marmite 5 %, salt 
mixture 6 %. The salt mixture was that given by Hume and Smith [1928], 
with the addition of 0-1 % potassium iodide and traces of sodium fluoride and 
manganese sulphate. All the animals received in addition to this diet 2 drops 
of a standardised cod-liver oil daily. The experimental diet contained 1 % of 
irradiated ergosterol in the cacao butter so that 10 g. of the completed diet 
contained 20 mg, of irradiated ergosterol. The irradiated ergosterol, kindly 
supplied by the British Drug Houses, was irradiated in oil as described by 
Dixon and Hoyle [1928]. Distilled water for drinking was supplied in ample 
quantity in glass bulbs. After the preliminary control period, half the animals 
were given the experimental diet, and the other half continued on the control 
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diet. The experimental period was continued for 45 days. In all cases the diets 
were given mixed into a stiff paste with a little distilled water in order to 
reduce scattering to a minimum. Each rat was allowed 15 g. of the dry diet 
daily, and the leavings from each cage were weighed each day. In this way 
the average quantity of food and irradiated ergosterol taken per rat could 
be accurately estimated. 

In the urinary estimations there are two main sources of probable error, 
contamination of the urine with faeces and with food. It is impossible to pre¬ 
vent faecal particles adhering to the urine collectors occasionally; and it is 
impossible entirely to prevent scattering of food. In order to decide the extent 
of the errors involved in these ways, two estimations were made. In the first 
case four faecal masses were shaken up for 5 minutes with 100 cc. of distilled 
water. After sedimentation 1 cc. of the fluid was withdrawn for the estimation 
of phosphate. The amount of soluble phosphate present, however, was so small 
that no detectable blue colour was produced with the Briggs reagents. In the 
second place 2 g. of control diet were shaken up with 100 cc. of distilled water. 
The phosphate in this solution was then estimated and it was found that 
5*5 mg. had passed into solution. Supposing that 50 cc. of urine are con¬ 
taminated with 2 g. of diet, then approximately 11 mg. of phosphate are 
added; this is equivalent to an error of about 3 % and is negligible when the 
additional sources of error that are inseparable from such animal experiments 
are considered. But it is extremely improbable that so large a quantity of 
food as 2 g. was ever mixed with the urine. 

Results. 

All the control rats throughout the entire experiment and the experimental 
rats during the preliminary control period maintained an approximately steady 
food consumption. When the experimental rats began to take the diet con¬ 
taining the irradiated ergosterol they showed a decrease in appetite during the 
first week. During this time they lost weight to a corresponding degree and 
although subsequently they returned to their normal level of food consumption 
this was not accompanied by a gain in weight. During the remaining period 
of the experiment the average weight curve for the twelve experimental 
animals remained practically steady. This is shown in Fig. 1. The average 
amount of irradiated ergosterol taken per rat per day over the whole experi¬ 
mental period was 26*4 mg. 

The daily output of urine and the urinary phosphate excretion for the 
control and experimental groups of rats ar^ shown in Figs. 2 and 3 respectively. 
The figures for both control and both experimental groups have been averaged 
and presented together since there were no important differences between the 
two sub-groups. It will be seen that the urine output of the control group was 
constant within definite limits throughout the whole experiment. The daily 
urinary phosphate excretion varied, however, considerably from day to day 
and is throughout placed at a very high level relative to that of other animals. 
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During their control period the experimental animals were strictly comparable 
with the controls both as regards their urine output and urinary phosphate 
excretion. Within 3 days of the administration of the irradiated ergosterol 
these animals developed a considerable diuresis which persisted throughout 
the subsequent 42 days of the experiment. During this time the extent of 
the diuresis remained roughly constant and represented an increase of 200 
to 300 % on the previous water excretion. The urinary phosphate passed by 
these animals per rat per day remained almost at its previous level, though 
still showing considerable daily fluctuations. 



Fig. 1. Showing the average weight curves of the control and experimental animals. 



Dajrs 

Fig. 2. Showing the urine passed in oc., and the total urinary phosphate in mg. P per 
rat per day! The two curves are based upon average figures from 12 control animals. 

During the last 9 days of the experiment urinary chloride and 
determinations were made. The figures in Table I show l^hat the total chloride 
and phosphate passed per rat per day daring this period by the control and 
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experimenta] groups show no significant differences. The average values of the 
Pjj determinations were also similar. 

Table I. 

The figures in column 1 are the arithmetic means of the individual readings. 

Column 2 is calculated from the formula used by liill, Lon^ and Liipton [1924], 

Column 3 expresses as a percentage the largest observed discrepancy between an individual 
reading and the mean. 

Column 4 expresses as a percentage ratio the difference between the mean values for the 
control and experimental animals. 

Phosphate expressed in mg. P; chlorides expressed in mg. Cl. 
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Fig. 3. Showing the urine passed in cc., and the total urinary phosphate in mg. P 
per rat per day. The two curves are based upon average figures from 12 experimental 
animals. 
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Towards the end of the experiment several of both the control and experi¬ 
mental rats were X-rayed; only in one of the experimental animals was a 
calculus defined with certainty, and in this case a calculus, sortie 4 mm. in 
diameter on the plate, was observed in the bladder. At the end of the experi¬ 
ment all the rats were killed and examined fos^ moriem. No pathological 
changes were observed in any of the control animals. In all the experimental 
rats the kidneys ]>resented a streaky, yellowish white appearance at the cortico- 
medullary junction, in some cases extending into the papilla, similar to that 
already reported by Dixon and Hoyle. In nine of these rats calcium phosphate 
calculi were found in the kidneys, ureters or bladder. They varied in number, 
size and position, but the frequency of secondary mechanical changes was not 
so marked as in the former experiments of Dixon and Hoyle. In no case 
was there evidence of gross infection of the urinary tract. Tn four animals 
there was some degree of arteriosclerosis of the thoracic or abdominal aortae. 
In all these cases the other main arteries showed no lesions. 


Disct^sston. 

This experiment affords complete confirmation of the results already pub¬ 
lished by Dixon and Hoyle. In no case did the irradiated ergosterol adminis¬ 
tered prove fatal to Ihe experimental animals, and the weight changes and 
2 ')ost mortem findings contlrm their results except in the presence, in four of our 
exj;erimental animals, of some degree of arteriosclerosis in the aorta. As this 
was present in a few animals only, and was limited in distribution even in 
these, and as further the experiment had been continued about four times 
longer than in the case of those reported by the German workers, it is evident 
that the arterial changes found in the present case have considerably less 
significance. 

All the experimental animals showed a persistent diuresis without any 
significant increase in either the total phosphate or chloride output in the 
urine, so that the concentrations at which these substances were passed varied 
inversely to the extent of the diuresis. As there was no increase in the total 
phosphate output this substance was not the cause of the diuresis, since, with 
a low threshold substance such as this, a diuresis directly due to it causes an 
increase in total output without any marked fall in the concentration at which 
it is passed. No further light w^as thrown on the matter by the determina¬ 
tions. The average urinary pjj of the experimental animals was slightly more 
alkaline than that of the controls, as would be expected with a diuresis. The 
figures show that there is no evidence that phosphate is precipitated in the 
urinary tract as the result of a marked change of pn towards the alkaline side. 
Moreover, during the diuresis the total outputs of phosphate and chloride, and 
the relative concentrations at which they were passed, followed an approxi¬ 
mately parallel course. This shows that there is no evidence of any selective 
effect on the tubular reabsorption of phosphate. 
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‘ The cause of the diuresis remains at present unexplained. It may well he 
that a marked increase in the urinary calcium excretion is the determining 
factor. If this is not so, the occurrence of urinary calculi composed of calcium 
phosphate in animals that have exhibited a diuresis in which the urinary 
phosphate concentration is always less than half the normal, without any 
increase in the total phosphate passed and without any change in the reaction 
of the urine, must be a very unusual condition. 

Conclusions. 

1. Confirmation of the effects described by Dixon and Hoyle as occurring 
in rats given large doses of irradiated ergosterol have been obtained. Emphasis 
is laid on the non-lethal effects, the absence of persistent or marked loss in 
weight, and the presence of urinary calculi 'post mortem as the main features 
of such experiments when ergosterol that has been irradiated in oily solution 
is used. 

2. Such animals show a persistent diuresis without any increase in the 
total phosphate and chloride passed per day, and without any significant 
change in the reaction of the urine. 

The work in this paper has been done during the tenure by one of us 
(J. C. H.) of the Ernest Hart Memorial Scholarship of the British Medical 
Association. 


Note (added 11. v. 29, Ed.), 

In a paper published since this was sent to press, Harris and Moore [1929] 
have confirmed their previous findings with ergosterol irradiated in alcohol, 
and have further found similar effects with ergosterol irradiated in oil. In 
both cases the post-mortem findings were identical with those described by the 
German workers, with in addition atrophy of the thymus, and in many cases 
the presence of urinary calculi. Further, they found that ergosterol which had 
been over-irradiated was completely innocuous, and on the basis of these results 
they consider that the suggestion made by Dixon and Hoyle, that some addi¬ 
tional toxic factor dependent upon the method of irradiation is responsible for 
poisonous effects, is not valid. If their findings are confirmed this must be so. 
But in the experiments described in our paper no such results have been found. 

Harris and Moore suggest that the reason why Dixon and Hoyle failed to 
' obtain the toxic effects in full measure is because insufficient irradiated ergosterol 
was given, or that it was not administered for a sufficient length of time. We 
do not think that this can be the explanation. In the firat place, Harris and 
Moore have obtained the full toxic effects in about 40 days when the equivalent 
of only 1 to 2 mg. of ergosterol irradiated in alcohol was given daily, as 
radiostol,’" i,e, irradiated in oil. Assuming that this ergosterol was of maximal 
antirachitic activity—that is, about 10,000 units per mg.—the daily dose would 
be some 20,000 antirachitic units. In Dixon and Hoyle’s experiments up to 
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17 mg. daily were given, and in the experiments in the present paper an 
average of 24 mg. daily, in both cases for the same period of time as in Harris 
and Moore’s experiments. Although this particular sample was not tested 
for antirachitic activity, samples irradiated under exactly similar conditions 
for the same length of time have shown an antirachitic activity of 1600 units 
per mg. In our experiments, therefore, some 30,000 to 40,000 units at least 
were given daily. As the samples used by Harris and Moore were irradiated 
under similar conditions to ours it is improbable that they were of maximal 
antirachitic activity, and although these writers state that they were assayed 
they do not give the values found. 

The cause of the difierence in experimental findings has yet to be deter¬ 
mined. 
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Introduction. 

It is generally accepted that at least two types of wood decay are caused by 
fungi, namely the brown ” and white rots. In the former type preferential 
attack is made on the carbohydrate components of wood substance, and 
lignin is in the main unaffected, the decayed residue being usually brown in 
colour. In the latter type lignin seems to be the main objective of the fungus, 
and in the decayed residue there remain patches or ‘'pockets’’ of a white 
substance reputed to consist of pure cellulose. The type names are thus de¬ 
rived from the colour of the residues after attack. 

In brown rots it has been shown by the work of Bray and Andrews [1924] 
that the causal fungi are consistent in their preferential attack on the carbo¬ 
hydrate components, but it cannot be said of the white rots that they are 
consistent in that lignin is always attacked in preference to carbohydrates. 
Only a few fungi of the white rot type have been studied in any detail, 
however, but Hawley and Wise [1926, 1] point out that while one of them, 
Tranietes pini, may show a preference for lignin, another, Polyporus hirsutus, 
has a serious effect on the cellulose of the wood of white spruce. It is clear, 
therefore, that the terms ‘‘brown” and “white,” as applied to different types 
of decay, can be accepted in an approximate sense only, since inconsistencies 
are encountered, in the case of the white rots at least, when the chemical 
effects on the host are taken into consideration. 

A classification of decay types based on the chemical effects of the fungus 
on the host is suggested in the work of Falck and Haag [1927], Wehmer 
[1927], and Bavendamm [1927]. These authors favour the use of the terms 
“destruction” and “corrosion” respectively, the former type to include all 
forms of fungal decay in which carbohydrates are preferentially attacked, 
and the latter to include the forms in which lignin is preferentially attacked. 
According to Wehmer [1927], the “destruction” type is brought about by 
hydrolysis of carbohydrates, and in the “corrosion” type lignin is depleted 
by a process of oxidation, Hawley and Wise [1926, 2], however, are not dis¬ 
posed to consider decay purely as one chemical process, on the grounds that 
any decomposition of a nature so profound as the fungal decay of wood could 
not strictly be compared to a single type of chemical reaction. 
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In mucli of tlie work already done on the chemistry of decay, material 
has been examined in which decay has been allowed to proceed to a con¬ 
siderable extent, and there is little douV)t that in its advanced stages fnngal 
decay is a profound decomposition of a nature difficult of diagnosis by y>resent 
methods of analysis. At the same time, however, there is evidence that decay 
takes place in stages [Hawley and Wise, 1926, 3], and the possibility must not 
be overlooked that, in the very early stages, reactions of a comparatively 
simple nature may be involved. Also, for all practical purposes the initial 
stages of decay are the most important, since it is against these that all 
preservative treatments must be applied. It is obvious, therefore, that a 
closer understanding of the mechanism of incipient decay should lead to 
better methods in wood preservation. 

The one outstanding feature with regard to fungal decay in wood is that, 
as a direct result of infection, the residue is rendered more soluble in sodium 
liydroxide than the original sound wood. Tn fact Bray [1924] has pointed 
out that in the case of the brown rots, increase in alkali solubility serves as 
an index of the extent of cellulose depletion in any given sample of decayed 
wood. It has also to be noted that acid hydrolysis has the effect of increasing 
the alkali solubility of wood, and this fact has led Hawley and Campbell 
f 1927] to conclude that there must exist a relationship between acid hydrolysis 
on the one hand and fungal decay on the other. That fungi are capable of 
producing acid in various media has been shown by Curtin [1927], and this 
fiiither strengthens the contention of the above authors, since in the course 
of its action on wood the fungus may produce acid whereby hydrolysis is 
brought about. The present investigation has been undertaken in order to 
obtain a closer comparison between acid hydrolysis and de(*<ay than has 
hitherto been available. 

Experimental. 

The wood used was Sitka spruce heartwood sawdust of 60-80 mesh. The 
analytical methods were those recommended by Schorger [1926] and Hawley 
and Wise [1926, 4). 

The general scheme employed was the same as that used by Hawley and 
Campbell [1927] in their study of acid hydrolysis. Anal}dical data were ob¬ 
tained for the main constituents of the original wood, and the effect of 1 % 
sodium hydroxide at 100"^ was determined on these as before. The results are 
given in Tables I and IL 

Table I. Analysis of original wood. 

Results on basis of weight of original dry wood. 


Cold water-soluble. 1'1>% 

Hot water-soluble. ... 3-f) 

1 % alkali-soluble. 12 6 

Cellidose ... ... ... ... ... 62-6 

Lignin . 26-2 

Methoxyl . 4-7 

Total pentosans . 8-4 

Pentosansuiot in cellulose . 51 
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Table II. Analysis of residue after treatment with 1 % NaOH 
for 1 hour at 100°. 

Results expressed as percentages by weight of original dry wood. 


Loss on alkali treatment ... ... 13*8 

Cellulose ... ... ... ... ... 590 

Lignin ... ... ... ... ... 24*3 

Methoxyl . 

Total pentosans ... ... ... ... b*8 

Pentosans not in cellulose ... ... 3*9 


In studying the effect of decay on alkali solubility, samples of decayed 
wood were analysed, treated with sodium hydroxide, and the residues analysed. 
The experiments were carried out in the following manner. 

Three separate weighed samples of the 60-80 mesh material were placed 
in flasks, and moistened with water. The flasks were then plugged with cotton 
wool and sterilisation was effected by steaming for 30 minutes on each of 
three consecutive days. After inoculation with Tramples seriahs Fr. one sample 
was left to decay for 3 months, and the other two for 4 months at 20°. 

After decay each sample was collected on a linen filter and washed with 
cold water until free from acid. Drying was effected by suction as far as 
possible, and then, to arrest decay, the samples were further dried and 
sterilised by heating in weighing bottles at 105° for 16 hours. After cooling 
in desiccators the samples were weighed, and the loss in weight sustained by 
each was determined. 

Each sample was now divided into two portions, one to be analysed 
without delay, and the second after treatment with 1 % sodium hydroxide 
for 1 hour at 100°. The analytical results are given in Tables III and IV. 


Table III. Analysis of residues after decay and washing with cold water. 
Results expressed as percentages by weight of original dry wood. 


Duration 
of decay 

Loss due to 
decay plus 
cold water 
washing 

Hot 

water- 

soluble 

Cellulose 

Lignin 

Methoxyl 

Total 

pentosans 

Pentosans 
not in 
cellulose 

3 months 

6*98 

2*3 

55*5 

25*8 

4 3 

7*2 

4*8 

4 months (1) 

8*0 

2*9 

53*6 

25*9 

4*2 

6*9 

4*7 

4 months (2) 

8*96 

3*4 

62-7 

25*9 

4*2 

6*8 

4*7 


Table IV. Analysis of residues after demy, washing with cold water, 
and subsequent treatment with 1 % NaOH for 1 hour gt 100°. 

Results expressed as percentages by weight of original dry wood. 


Loss due to Loss on 


decay plus 
cold water 
washing 

alkali 

treat¬ 

ment 

Total 

loss 

Cellulose 

Lignin 

Total 

Methoxyl pentosans 

Pentosans 
not in 
cellulose 

6*98 

23*1 

30-08 

44-7 

22-0 

3-6 

4-6 

2*6 

8'0 

22*4 

30-3 

42-9 

230 

3-5 

4-4 

2‘4 

8*96 

24*9 

33-86 

40-0 

22'5 

3-6 

41 

2-4 
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Discussion. 

As previously mentioned a steaming treatment was applied prior to 
inoculation of the wood with the fungus. That such a treatment has no 
detrimental effect on spruce wood has been shown by Hawley, Fleck and 
Richards [1928]. 

The results in Table III were obtained after the decayed residues had 
been washed with cold water and heated for IG hours at 105‘^. These steps 
were considered necessary for the following reasons. 

In the first place the decayed residues were found to be distinctly acid, 
hence it was imperative that all traces of acid should be removed prior to 
analysis. The loss due to decay and the cold water-soluble material was there¬ 
fore determined as a whole. That some water-soluble material remained in 
the residues after the preliminary washing was proved by carrying out a hot 
water-soluble determination on each sample. Therefore, although the exact 
loss due to decay itself has not been determined, its effect on the wood can 
be visualised by a comparison of Tables I and III, for, even if all the water- 
soluble material had been left in the residues, it is certain to have been lost 
during subsequent analysis, and thus the analj^tical data would have been 
the same as those recorded. 

As to the heat treatment applied after washing and prior to analysis, this 
was considered *to be the only efficient means of arresting decay at the re¬ 
quired time, and of getting the material into a convenient state for analysis. 
Peterson and Bray [1928] have pointed out that an oven-drying treatment 
has the effect of lowering cellulose yields, and of rendering the isolation of 
cellulose more difficult, but in this investigation no difficulties were experienced 
in isolating cellulose with a normal amount of chlorination after heating the 
residues for the time stated. 

Fungal mycelium, if present in considerable amount in decayed residues, 
would tend to vitiate analytical results, but attempts to apply corrections 
for this source of error have proved unsatisfactory. In any case, where decay 
is only allowed to proceed for a short period, the actual amount of mycelium 
in the infected material could not be sufficient to detract from the purely 
comparative value of the analytical data. Care was taken thoroughly to mix 
the decayed material so that mycelial remains should be distributed as 
evenly as possible throughout the whole. 

Comparison of Tables I and III shows that the fungus has behaved as a 
typical brown rot in the manner of its attack on wood. Cellulose and pentosans 
have been depleted, and lignin has been affected to a slight extent, the com¬ 
paratively small loss in lignin being consistent with a corresponding fall in 
the methoxyl content. Moreover, it can be seen that the pentosan losses are 
chiefly due to depletion of the pentosans in the cellulose. That such behaviour 
is typical of brown rots has been amply demonstrated in previous work, but 
it was necessary to obtain these results for comparison with Table IV which 
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shows, firstly, the marked increase in alkali solubility due to decay, and 
secondly, the detailed effect of alkali treatment on decayed wood. 

The increase in alkali solubility is largely accounted for by losses in 
cellulose and pentosans, the lignin in decayed wood being only slightly more 
soluble in alkali than the lignin in sound wood. 

Whereas in Table I the sum of the four main constituents—namely water- 
soluble material, cellulose, lignin, and pentosans not in the cellulose—amounts 
to 99T % of the original wood, the sums of the main constituents in the 
samples of decayed wood, inclusive of the losses due to decay and water- 
soluble material, amount to 95-58, 95-1, and 95-66 % of the original wood 
respectively. These facts are in agreement with previous work in that they 
illustrate that there is in decayed wood a material which is insoluble in water, 
and is not determined as cellulose, lignin, or pentosans. That such material 
is probably a carbohydrate degradation product is illuBtrated by the fact 
that only the carbohydrates in the wood have been seriously affected by 
decay. Further, in Table IV, the sums of the main constituents, including the 
losses due to decay and alkali treatment, amount to 99-98, 98-7, and 98*76 % 
respectively of the original wood. The fact that these totals are approximately 
equal to the sum of the main constituents in the original wood indicates that, 
whatever the material undetermined in the decayed wood may be, it is largely 
soluble in 1 % sodium hydroxide. 

Conclusions. 

In comparing the foregoing ex}>erimental data with regard to decay and 
its effect on the alkali solubility of wood with those cited by Hawley and 
Campbell [1927] in their study of acid hydrolysis, a marked similarity in 
effect between the two processes is apparent. 

The fact that both decayed and hydrolysed wood contain a material 
insoluble in water, but soluble in 1 % sodium hydroxide, which cannot be 
determined as cellulose, lignin, or pentosans, tends to strengthen the con¬ 
viction that, in its early stages at least, fungal decay of the brown rot type 
is in effect an acid hydrolysis. The only possible objection to this conclusion 
is to be found in the apparently greater solubility of decayed wood in alkali. 
Hawley and Campbell [1927] emphasise that the alkali solubility of decayed 
wood is always greater than that of wood that has been hydrolysed to the 
same extent (as shown by equal loss in weight) but, all things considered, 
this is only to be expected. Whereas in the hydrolysis of wood with dilute 
acid all the water-soluble material is removed, wood that has been decayed 
still contains water-soluble material. Where the losses in weight are the same 
the alkali solubility of decayed wood will always be greater than that of 
hydrolysed wood in proportion to the amount of water-soluble material 
present in the former. If, in Table III, the percentage of hot water-soluble 
material be added to the loss sustained by decay plus cold water washing, 
and in Table IV deducted from the loss on alkali treatment, decay can be 
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strictly compared with hydrolysis. This can be illustrated by the following 
example. 

In Table III the loss in weight sustained by one of the samples after 
4 months’ decay and cold water washing was 8*0 %. If the figure for the 
remaining water-soluble material be added to this a total of 10-9 % is ob¬ 
tained. This total is approximately equal to the loss obtained by Hawley and 
Campbell [19l!7J by hydrolysing Sitka spruce with 0-25 % hydrochloric acid. 
Furthermore, the losses due to decay, as expressed by a comparison of Tables 
I and HI, agree very favourably with the losses involved in a hydrolysis with 
acid of the above concentration. Again, if in d'able IV the amount of hot 
water-soluble material be subtracted from the loss due to alkali extraction, 
this latter is reduced from 22-4 to 19-5 % of the weight of the original wood. 
Hawley and Campbell [1927] have shown that Sitka spruce wood which has 
been hydrolysed with 0-25 % hydrochloric acid is soluble in 1 % sodium 
hydroxide to the extent of 18*2 %. Thus it can be seen that the agreement 
between the degree of alkali solubility of partially hydrolysed wood and that 
of partially decayed wood is in reality quite close, when the necessary allowance 
is rniide for th(‘ amount of water-soluble material in the latter. 

With tlie advanced stages of decay this investigation is not strictly con¬ 
cerned, but it seems probable that the high degree of alkali solubility of the 
lignin in badly decayed wood is due, not so much to any direct effect of decay 
on the lignin complex, as to the large increase of surface area of the lignin 
caused by marked depletion of the carbohydrate components of the wood. 

From the foregoing considerations the similarity of the effect on wood 
between acid hydrolysis on the one hand, and fungal decay of the brown rot 
type on the other, is so close as to warrant the conclusion that decay of the 
brown rot type should, in effect, be regarded as an acid hydrolysis. 

Summary. 

1. The effect of partial decay on the wood of Sitka spruce caused by 
Trametes serialis Fr. has been examined. This effect is typical of that pro¬ 
duced on wood by fungi of the brown rot type. 

2. The effect of partial decay on the alkali solubility of the wood of Sitka 
spruce has been examined, and reasons are given for concluding that, since 
this effect is of the same order as that produced in the same species of wood 
by acid hydrolysis, decay of the brown rot type should, in effect, be regarded 
as an acid hydrolysis. 

The authors wish to express their indebtedness to Prof. F. Soddy for 
facilities afforded in the Old Chemistry Department, Oxford, to Sir James 
Irvine for helpful criticism and advice, to Messrs K. St G. Cartwright and 
W. P. Findlay for carrying out the fungal inoculations, and to R. S. Pearson, 
Esq., for permission to publish these results. 
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LXV. THE NATURE OF THE SUGAR RESIDUE 
IN THE HEXOSEMONOPHOSPHORIC ACID 
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Embden and Zimraermann [1924] have described the isolation from press- 
juice of rabbit muscle of a hexosediphosphoric acid which was obtained in the 
form of its neutral brucine salt. They experienced some difficulty in attempting 
its isolation owing to the presence of free phosphoric acid in their press-juice. 
Ultimately they eliminated the free phosphoric acid by employing a biological 
synthetic process involving the use of the fluoride ion which is known to further 
the synthesis of hexosephosphoric acid from carbohydrate and phosphates. 
Later Embden and Zimmermann [1927, 1], employing a somewhat different 
procedure and omitting the fermentative resynthesis, obtained from rabbit 
muscle pulp a hexosemonophosphoric acid. They were unable to detect the 
presence of a hexosediphosphoric acid. 

In the present investigation it was desired to obtain a supply of the muscle 
hexosephosphoric acid (frequently referred to as ‘‘lactacidogen”) in order to 
study the nature of the sugar residue present in this interesting intermediate 
substance. The two methods of Embden and Zimmermann were therefore both 
investigated as a means of obtaining one or other of the two hexosephosphoric 
acids, our immediate purpose being to obtain that which could be demonstrated 
to be a normal constituent of the muscle. 

The earlier work of Embden and Zimmermann has been fully confirmed 
and we have obtained from rabbit muscle press-juice the neutral brucine salt 
of hexosediphosphoric acid identical in all respects with that obtainable from 
yeast fermentation and now shown by Robison and Morgan [1928] and by 
Morgan [1929] to be y-fructose-l : 6-diphosphoric acid. Similarly, employ¬ 
ing the later methods of Embden and Zimmermann, we have likewise obtained 
only a hexosemonophosphoric acid and have been unable to detect the presence 
of any of the di-acid ester. It seemed possible that the different results obtained 
in the two processes of extraction might not be wholly ascribable to the 
omission of the fermentative resynthesis in the later method, but might in 
part be due to the other modifications introduced at the same time. It was 
therefore decided to check this point by employing the first method of extrac¬ 
tion, omitting only the addition of sodium fluoride, glycogen and sodium bi¬ 
carbonate, the reagents used in the fermentative resynthesis. There was 
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obtained only a hexosemonopliosphate identical with the product obtained 
by the second method of extraction. No trace of diphosphoric acid was 
detected. The authors are therefore of opinion that the carbohydrate-phos¬ 
phoric acid ester normally obtainable from resting muscle and regarded as 
“lactacidogen'’ consists of hexosemonophosphoric acid. The material used in 
the present investigation was therefore prepared from the mono-acid ester 
obtained by Embden and Zimmermann’s second method of extraction. 

Hexosemonophosphoric acid has been isolated not only from the muscles 
of rabbits but also from those of the goat and donkey. The yields obtained 
from the latter sources were lower than those obtained from the rabbit, details 
being given in the experimental section. This may in part be due to the enzymic 
breakdown of the compound owing to the necessarily longer time required for 
the preliminary extraction, but it is our opinion that the poorer yields cannot 
be wholly ascribed to this cause. The extraction was carried out with all 
possible speed and the cooling arrangements were as efficient as in the rabbit 
muscle extractions. It appears possible that the hexosemonophosphoric acid 
content of the muscles of the larger and more slowly moving animals may 
normally be less than that of the rapidly contracting muscles of the rabbit. 
During the course of the rabbit muscle extractions adenylic acid was obtained 
as has been recorded by Embden and Zimmermann [1927, 2], but this com¬ 
pound was obtained only in very small yield from the muscles of the larger 
animals. On the other hand, considerable quantities of inositol were obtained 
from the muscles of the goat and donkey, whilst it was not isolated from any of 
the rabbit muscle extracts. The best yield of hexosemonophosphoric acid 
obtained in the present work was 9 g. (37 g. of the neutral brucine salt) from 
7 kg. of rabbit muscle, corresponding to 0-13 % of the weight of fresh muscle. 

In the experimental section there is described the preparation of free 
hexosemonophosphoric acid via the barium salt, from the recrystallised brucine 
salt in which form it was first isolated. The acid showed [a] 546 i + 33-6'^, which 
is in good agreement with that quoted by Embden and Zimmermann for their 
preparation, namely [a]^ -f 29-5*^. Employing the Willstatter-Schudel hypo- 
iodite method of oxidation these workers found that the sugar constituent of 
their acid consisted of 91 % of aldose in one preparation and 93 % of aldose 
in another. Our preparations showed 90 % of aldose sugar. From the free 
acid a crystalline osazone was obtained ■without loss of the phosphoric acid^ 
grouping. It melted in the vicinity of 145"147° with decomposition. 

After a series of preliminary investigations which need not be detailed here 
it was decided that the nature of the sugar residue present in muscle hexose¬ 
monophosphoric acid could best be decided by oxidation to the corresponding 
hexonic acid and subsequent removal of the phosphoric acid group. The first 
step was effected with the use of bromine and the second with 10 % sulphuric 
acid in a sealed tube at 100''. There was finally obtained the calcium salt of 
a hexonic acid which was free from phosphorus and from reducing material. 
The free hexonic acid prepared from the calcium salt had [cc] 5463 ^ -f 10*9'', and 
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after heating for 1 hour at it showed [a] 54 (>i + 24*0'^. This change is 

characteristic of a hexonic acid undergoing lactonisation and these figures are 
in good agreement with those obtained for pure preparations of gluconic acid 
subjected to the same treatment. We are therefore of the opinion that the 
aldose of hexosemonophosphoric acid is ^/-glucose. 


Experimental. 

Isolation of hexosediphosphoric acid from rabbit muscle press-juice. 

The first pair of rabbits used were not specially fed, but in the later experi¬ 
ments the rabbits were fed with generous supplies of oats for at least 3 days 
immediately before they were killed. Some were kilk'd by a sharp blow on the 
back of the neck followed by immediate decapitation. A disadvantage of this 
method of killing is the resulting violent twitching of the muscles, and in the 
later experiments the animals were asphyxiated with coal gas until the corneal 
reflex failed and then decapitated. The pelt was removed as quickly as possible 
and the musculature was excised and minced in an ice-cold machine. The 
subsequent steps in the extraction were essentially those of Embden and 
Zimmermann [1924J. A Buchner oil press was used, and the juice was col¬ 
lected under pressures up to 150 kg./cm.‘^ The cloth used was made of camel 
hair and was supplied by Messrs Premier Filterpress Co., Ltd., London. The 
yi^dds obtained are indicated by the following typical results. 

I. 2 rabbits, rather small and not specially fed. Juice obtained, 415 cc.; 
recrystallised brucine salt, 1*5 g. 

II. 2 rabbits, fed on previous day with oats. Juice obtained, 500 cc.; 
recrystallised brucine ^It, 2*5 g. 

III. 2 rabbits, fed for 3 days with oats. Juice obtained, 540 cc.; recrystal¬ 
lised brucine salt, 3*5 g. 

The brucine salt was twice recrystallised from aqueous methyl alcohol and 
dried in vacuo over sulphuric acid and finally at 50^ over phosphorus pentoxide 
in a high vacuum. It gave satisfactory analyses and showed — 30-7° 

(c 1*01 %). For comparison purposes Mr W. J. T. Morgan, of the Lister 
Institute, London, kindly prepared a specimen of brucine hexosediphosphate 
from yeast fermentation and this showed in methyl alcohol ^ — 30-7°, 
thus confirmi n g the identity of the two products. When heated rapidly our 
twice recrystallised preparation melted with considerable charring between 
170^ and 180^ 

Isolation of hexosemonophosphoric acid from the press-juice of rabbit muscle. 

For reasons already given in the introduction it was decided to isolate from 
rabbit muscle and identify the hexosephosphoric acid or acids, using the same 
method as that used for the isolation of hexosediphosphoric acid, omitting only 
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the fermentative resynthesis involving the addition of glycogen and sodium 
fluoride iu the presence of sodium bicarbonate. 

The muscle juice from six normal rabbits was collected in as short a time 
as possible and in efficiently cooled vessels. With one exception, when the 
rabbit was killed by a sharp blow, all the animals were asphyxiated with coal 
gas. They had all been previously fed on oats for at least 3 days. The total 
volume of juice obtained was 1350 cc. At the stage when deposition of brucine 
hexosediphosphoric acid should have occurred no deposition of crystals was 
noted even after prolonged scratching and on allowing the solution to stand 
in the ice-chest overnight. The following day slow crystallisation began and 
after 2 days some clusters of small crystals separated from the solution. These 
were obtained in very small amount and were found to contain a pentose. 
They were subsequently proved to consist of the brucine salt of adenylic acid, 
to which reference will be made in a later communication. The solution was 
treated with several volume^ of acetone in order to complete the deposition 
of the brucine salt of adenylic acid. The solid obtained was extracted with a 
small volume of anhydrous methyl alcohol and filtered. The filtrate was con¬ 
centrated to dryness and again extracted with methyl alcohol and filtered. 
The solution was again taken to dryness and the crystalline residue was dried 
to constant weight. It had P = 2*83 % (calc, for brucine hexosemono- 
phosphate 2-96 % and for the hexosediphosphate 3-21 %), and showed 
[^15461 ^ methyl alcohol. Our later preparations of brucine hexose- 

monophosphate showed in the same solvent [a] 54 ei ^ 20*3°. In this ex¬ 
periment therefore there was obtained no evidence of the presence of a 
hexosediphosphoric acid and it is concluded that the latter is either entirely 
abseilt or present only in very small ammmts in normal muscle press-juice. 

Isolation of hexosemonophos'phoric add from rabbity goal and donkey muscle. 

The method of extraction was that already referred to as Embden and 
Zimmermann’s second method, with minor modifications which need not be 
detailed. 

Embden and Zimmermann [1927, 1 ] report an average yield of 11 g. of 
unrecrystallised brucine hexosemonophosphate from twelve rabbits yielding 
6 kg. of muscle. The best yield obtained in the present work was 23 g. of 
brucine hexosemonophosphate from twelve rabbits yielding 7 kg. of muscle, 
whilst in this case the basic lead acetate fraction gave a further jdeld of 14 g. 
of the brucine salt. That our yields are materially higher than those recorded 
by Embden and Zimmermann is doubtless in part due to the fact that we 
subjected all protein residues to high pressure extraction, using the Buchner 
press. 

After one recrystallisation brucine hexosemonophosphate gave in water 
[<^] 546 i "■ anhydrous methyl alcohol — 20*3*^. The recrystallised salt 

after drying in vacuo over phosphorus pentoxide showed signs of softening at 
145°, melted at 155° and decomposed at 168-“160°. 
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In order to obtain larger supplies of hexosemonophosphoric acid extracts 
were made from the minced muscles of larger animals, namely two goats and 
one donkey. The yields were disappointingly small considering the size of the 
animals. The animals were fed for some days on oats and hay and were killed 
with a ‘‘humane killer” and in no case was any muscle twitching observed 
after the death of the animal. The extractions were carried out in a manner 
identical with that used in the case of the rabbits and the operations were 
expeditiously carried through and the bulky solutions were ethciently cooled 
with ice. The protein precipitates were filtered on large stoneware filters, using 
muslin to give added sup])ort to the filter-pa pers. The work was continued 
without a break until the de})roteinised filtrates had been freed from mercury 
and excess hydrogen sulphide and then almost neutralised with % sodium 
hydroxide. The results may be summarised as follows. 

Goat I All muscles minced and in acid bath in 25 minutes. Temp, rose 
for few minutes to lO'^, but was quickly reduced to 2^'. Weight of muscle, 6 kg. 

Via normal lead acetate precipitate, 5*3 g. of brucine salt and 1-3 g. inositol. 

Via basi(i lead acetate precipitate, 8*8 g. brucine salt and 1*8 g. inositol. 

Goat II V- All muscles minced and in bath in 20 minutes. Temp, rose for 
f(‘W minutes to JO"", but solution was quickly cooled to 2"^. 

Weight of muscle, 10*5 kg. 

Via normal lead acetate precipitate, 1*4 g. brucine salt and 0*7 g. inositol. 

Via basic lead acetate precipitate, 3*0 g. brucine salt and 1*3 g. inositol. 

Donkey cj. All muscles minced and in acid bath in 50 minutes. Cooling 
arrangements efficient. Temp, quickly reduced to about 3° or 4^. Weight of 
muscle, 30*2 kg. 

Via normal lead acetate precipitate, 3*4 g. brucine salt and 0*2 g. inositol. 

Via basic lead acetate precipitate, 2*1 g. brucine salt and 4*5 g. inositol. 

The brucine salts after recrystallisation gave the same o})tical rotation and 
melting point as those obtained from rabbit's muscle. Further, the free hexose¬ 
monophosphoric acid prepared via the barium salt from the mixed brucine 
salts obtained from rabbit, goat and donkey gave the same optical rotation. 

A point which has been referred to in the introduction is the absence of 
adenylic acid and the presence of inositol in these later extractions. Using 
Bial’s reagent it was established that the })entose-containing constituent was 
present only in very small amounts and it was found impossible to isolate any 
adenylic acid either from the goats or from the donkey. On the other hand, 
there was obtained, from the aqueous-acetone solutions from which adenylic 
acid was deposited in the case of the rabbit muscle extractions, a white crystal¬ 
line compound which was recrystallised from hot water, in which it was readily 
soluble. It gave a negative result on testing with Molisch’s reagent, did not 
reduce Fehling’s solution, contained no nitrogen or pentose constituent and 
possessed a definitely sweet taste. It was found to be optically inactive, which 
indicated with the previous tests that this crystalline compound was t-inositol. 
This was confirmed by a melting point, the dried substance melting at 224-225"^ 
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with preliminary softening, and also by a positive Sherer’s test. After two 
recrystallisations from water the substance still retained a slight trace of 
organically combined phosphorus (indicated with Bell-Doisy reagents). 


Prefaration of harium hexosemonophosphate. 

Barium hcxosemonophosphate was prepared from the recrystallised brucine 
salt by the method adopted by Embden and Zimmermann. The barium salt 
was precipitated as an amorphous solid by adding a saturated solution of 
barium acetate in 80 % methyl alcohol to a 10 % aqueous solution of the 
brucine salt. After standing for a few hours in the cold the salt was collected 
on a small Buchner funnel, washed with 80 % methyl alcohol, and finally with 
pure methyl alcohol. The product was then thoroughly dried over phosphorus 
pentoxide in a vacuum. It was ground in a mortar with a little water when 
most of the barium salt dissolved, leaving a less soluble yellowish residue. The 
barium salt was then reprecipitated with methyl alcohol and treated as before. 
This treatment was repeated at least once, sometimes twice, with all samples 
of the barium salt prepared. In this way the final product was freed from 
brucine and also from the more insoluble constituent with which it is initially 
associated. In one preparation it was found advantageous to warm for some 
time with a little norite. Again, in another preparation a considerable quantity 
of the less soluble material was separated from the barium salt by extracting 
with warm water. But it is essential that the precipitated product be thoroughly 
dried before a further aqueous extract is made, otherwise it is impossible to 
obtain the barium hcxosemonophosphate in a state of purity. 

Embden and Zimmermann record having obtained evidence of iron and 
phosphorus in one of the less soluble yellowish residues already referred to. 
The authors obtained negative results in testing for iron, except in one sample 
when a very faint blue colour was developed with potassium ferrocyanide, 
after thoroughly digesting the material with hot concentrated sulphuric acid 
and 30 % hydrogen peroxide. The brucine used in this instance, however, was 
itself found to contain traces of iron and it is therefore not thought that the 
iron found in the residue from the barium hcxosemonophosphate has neces¬ 
sarily any biological significance. Repeated extraction of the less soluble 
material with water left the residues progressively poorer in phosphorus. 
Further, barium salts (especially those prepared from brucine salts obtained 
iria the basic lead acetate precipitates) contaminated with this extraneous 
material gave low analytical figures and the free hexosemonophosphoric acid 
subsequently obtained showed a lower specific rotation and gave lower re¬ 
duction values. These syrupy residues, which on drying form a glass, are 
therefore not of the nature of sugar phosphates and were not further investi¬ 
gated* 



THE HEXOSEMONOPHOSPHORIC ACID OF MUSCLE 579 


Hexosemono'phosphoric acid. 

The optical rotation of the free hexosemoiiophosphoric acid was determined 
in the following manner. A weighed amount of the dried barium salt was 
dissolved in water and the barium precipitated by the addition of a slight 
excess of sulphuric acid. The barium sulphate was centrifuged ofi, and the clear 
supernatant solution decanted into a suitable measuring flask. The barium 
sulphate precipitate was then washed twice with small (jiiantities of water 
and after centrifuging these were added to the solution, which was finally 
made up to a definite volume. The free acid, liberated in the above manner 
from carefully dried barium hexosemonophosphate (Ba - 34-5 %, P 7-8 %, 
calc, for C6Hii06(P04Ba), Ba - 34-7 %, P - 7*85 %), gave + 33-0" in 

water (c 0770). 

The hexoaemonophosphoric acid obtained in the same manner from the 
mixed extracts of rabbit, goat, and donkey muscle, gave O 33*6'' 

in w^ater (c 2*93). As indicated above, specimens of barium hexosemono¬ 
phosphate which gave low analytical figures, gave rise to a free acid with 
lower speidfic rotation and, further, correspondingly low copper reduction 
values. Thus one preparation of barium hexosemonophosphate gave a specific 
rotation for the free acid of [aj^ 4 (;i r 23-1 (calc, from the weight of barium 
salt originally taken). On regrinding some of th(^ barium salt with water a 
small amount of insoluble material remained. After rej)recipitation with 
methyl alcohol the salt was carefully dried as before. The barium salt obtained 
still had a low phosphorus content (P = 7*25 % calc. 7*85), but the rotation 
was higher than the previous value, being [a] 54 (>| + 20*5"^. 

The copper-reduction value of hexosemonophosphoric acid was then de¬ 
termined, employing the method described by Bertrand. The values obtained 
were compared with those of glucose. 

Ratio (calc, as hexose) _ (j .74 

Glucose 

Formation of barium mcthylhexosidemonophospliate. 

About 2*1 g. of barium hexosemonophosphate was dissolved as quickly as 
possible in 55 cc. of anhydrous methyl alcohol containing 1 % hydrochloric 
acid. Polarimetric observations were made on the solution and the observed 
rotations in a 1 dm. tube are recorded below. After the first 8 hours the 
solution was maintained at 25° in a well-stoppered flask. A short time after 
the first observation was made barium chloride began to separate out and it 
was then necessary to filter the solution immediately before observing the 
optical rotation. The solution still reduced Fehling’s solution 74 hours after 
it was prepared. Tested after 97 hours the solution showed no reduction wdth 
Fehling’s solution. Observed rotations [«] 54 (n : + 0*41° (8 hrs.), 0*29° (12 hrs.), 
0-38° (32|hrs.), 0*51° (73|hrs.), 0-67° (98|hrs.), 0*59° (121| hrs.), 0*61° 
(146 hrs.), 0-64° (168J hrs.). It will be noticed that initially there is a fall in 
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the observed rotation followed by an increase, which gradually approaches a 
maximum. These changes are evidently due to the different rates of formation 
of the a- and j3-isomers of the methylhexosidemonophosphate. 

An attempt was made to isolate the barium methylhexosidemonophosphate 
and then to dephosphate this compound with a preparation of bone enzyme, 
using the method described by Morgan [1927] and applied by him to the 
investigation of hexosediphosphoric acid from yeast. But the different solu¬ 
bilities of the corresponding salts of the hexosemonophosphoric acid make this 
method unsuitable, especially with small amoimts of material. 

An osazone was prepared from the hexosemonophosphoric acid without 
liberation of free phosphoric acid. 0-3 g. of the barium salt was treated with 
a slight excess of sulphuric acid and after removing the precipitated barium 
sulphate the solution was heated for half an hour in a boiling water-bath with 
0*5 g. of phenylhydrazine hydrochloride and 1 g. of sodium acetate. Crystal¬ 
lisation commenced immediately the solution was cooled. Viewed under the 
microscope the crystals presented the appearance of clusters of flat needles. 
They began to soften at 140^^ and melted at 146°~147® with decomposition. 

WilhtdUer-Schudel oxidation. 

Employing the technique described by Groebel [1927] for the Willstatter- 
Schudel oxidation with hypoiodite, hexosemonophosphoric acid gave values 
indicating that 90 % of the hexose in this acid is of an aldose nature. 

After oxidation by this method, the solution still reduced Fehling's solu¬ 
tion. This is interpreted as indicating the presence of some 10 % of a ketose- 
monophosphate admixed with 90 % of aldosemonophosphate. 

Preparation of hexonic acid from hexosemonophosphoric acuL 

About 0*8 g. of hexosemonophosphoric acid dissolved in 23 cc. of water was 
treated with 0*75 g. of bromine. After standing for 16 hours at air temperature 
a portion of the solution, after aerating to free from bromine, still reduced 
Fehling's solution. The solution was still slightly reducing to Fehling’s solution 
after 9 hours in a water-bath kept at 30^^. A micro-determination of sugar was 
then made employing the method of Shaffer and Hartman. Later determina¬ 
tions, after the solution had been maintained at 30^ for a further period of 
11 hours, gave a reduction value only slightly less than that obtained pre¬ 
viously. From these determinations about 0*04 g. (calc, as glucose) remained 
unoxidised. It may be noted here that only slight traces of free phosphoric 
acid could be detected in the solution after the above oxidation. The solution 
was aerated to free from bromine and then sufficient hydrobromic acid added 
to give a 14 % solution of the acid. This solution was heated in a sealed tube 
at 85*^ for 20 hours. On opening the tube, free phosphoric acid was found to 
be present in small amount only. Sulphuric acid was then added sufficient to 
give a 10 % solution of this acid, and then after resealing the solution was 
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heated for 7 hours at 100°. The resulting perfectly clear solution contained 
considerable amounts of free phosphoric acid. It was neutralised with silver 
oxide, and the filtrate subsequently obtained was freed from silver with hydro¬ 
gen sulphide. After aeration the solution was found to be free from phosphorus, 
non-reducing, and optically active in the dextro-sense. The solution was heated 
to 75°, calcium carbonate added, and the solution well stirred for several 
minutes. After cooling, the solution was filtered and concimtrated to dryness 
at 45"^. The solid residue was then extracted with a small volume of hot water 
and filtered. The filtrate still contained calcium sulphate which was precipitated 
by the addition of an equal volume of absolute alcohol. After standing for 
some days the solution was filtered and concentrated under reduced pressure. 
Calcium sulphate was still present in minute quantities, and the solution was 
again precipitated by adding several volumes of alcohol. The precipitate was 
collected and extracted with about 10 c(5. of water. The small amount of 
insoluble material was centrifuged off and the clear supernatant solution again 
precipitated with several volumes of alcohol. The perfectly white product was 
collected and dried overnight in an evacuated desiccator containing phosphorus 
pentoxide. The dried material gave a calcium content of 9-2 % (micro- 
determination) (calc, for (CgHjL, 07 ) 2 Ca, 9*3 %). 

0-118 g. of the calcium salt was dissolverl in water and one drop of con¬ 
centrated hydrochloric acid added to liberate the free hexonic acid. The volume 
was made up to 10 cc-. thus giving a l-OG % solution of the free hexonic acid. 

This solution gave + 10-9°. 

After the solution had been maintained at 50° for IJ hours the rotation 
increased, and on cooling gave h 14*G°. 

On the addition of a small droj) of concentrated hydrochloric acid the 
rotation dropped immediately to its previous value. The solution was reheated 
for an hour at 65°-70° and then gave + 26»8°. 

The temperature of the jacketed tube was then speedily reduced to 24°. 
The solution then showed -I 24*0°. 

^5461 

A reading taken 15 minutes later showed identically the same value. These 
results are in good agreement with those recorded by Tolhms [1914] for gluconic 
acid. The calcium salt has -{- 10° and prepared directly from the calcium 
salt the equilibrium mixture of free acid and lactone has [a]jj f 23-4 ' after 
the solution has been heated for some time. 

Summary. 

(1) The hexosephosphoric acid of normal muscle press-juice from rabbit, 
goat and donkey is a monophosphoric acid. The diphosphoric acid, identical 
with that of yeast fermentation, is only obtained when the fermentative 
resynthesis using sodium fluoride is employed. 

(2) The carbohydrate residue of muscle hexosemonophosphoric acid con¬ 
sists of 90 % of aldose, identified as (i-glucose, and 10 % of ketose. 
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LXVI. LACTIC ACID FORMATION IN 
MUSCLE EXTRACTS. 

IV. A COMPARISON BETWEEN GLUCOSE AND 
GLYCOGEN IN RESPECT OF LACTIC ACID 
FORMATION AND PHOSPHORIC 
ESTER ACCUMULATION. 

By DAVID STIVEN {Carnegie Teaching Fellow). 

From the Physiology Department, University College, Dundee, 
University of St Andrews, 

(Received April 24^ 7929.) 

In this paper are described eight experiments with individual extracts pre¬ 
pared in the same manner from eight healthy cats. In each case the reaction 
at the start of the incubation was betv/een pjj 6*9 and 7*1; glucose and glycogen 
wtTC used respectively in a concentration of 0*5 %. These eight experiments 
thus constitute a good series for the purpose of detecting any difiference 
between glucose and glycogen with regard to the apparently related reactions 
of lactic acid formation and phosphoric ester accumulation. 

Experimental. 

Th(* extracts were prepared from perfused muscle by the method described 
in a pr(ivious paper [Stiven, 1928]. The incubation was conducted in an 
atmosphere of nitrogen as described therein. The purity of the glycogen was 
estimated by hydrolysis to glucose and in weighing out the glycogen for 
making up the stock 10 % solution to be added to the extract, a correction 
was made for the purity as indicated by the ^deld of glucose. The lactic acid 
was estimated by the aeration method of Friedemaim, Cotonio and Shaffer 
[1927]; the ‘inorganic” phosphorus by the colorimetric method of Fiske and 
Subbarow [1925]. Both lactic acid and “inorganic” phosphorus were esti¬ 
mated at intervals of 10 minutes up to the end of the first hour and thereafter 
at 90 minutes and 120 minutes from the start of the incubation. In this way 
the course of the reactions could be followed at short intervals and any 
resemblance or difference between the behaviour of these two carbohydrates 
could be detected. 

The term “inorganic’’ phosphorus means in this paper the sum of the 
phosphagen phosphorus and the true inorganic phosphorus. In every experi¬ 
ment the lactic acid and the “inorganic” phosphorus changes were investi¬ 
gated in an aliquot sample of the extract to which no carbohydrate had been 
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added. In this “plain” extract the “inorganic” phosphorus increases rapidly 
during the first 40 minutes of the incubation but thereafter very slowly. In 
the case of the extracts to which carbohydrate was added this increase of 
“inorganic” phosphorus does not take place until the incubation has pro¬ 
ceeded for 40 to 60 minutes if lactic acid is being formed from the added 
carbohydrate. In the early period of the incubation a decrease of the “inor¬ 
ganic ” phosphorus may in some cases be observed. This decrease of “ inorganic ” 
phosphorus indicates that the formation of phosphoric ester is proceeding at 
a greater rate than the breakdown of the ester. The amount of this decrease 
between any two intervals is thus a measure of the excess of ester formed 
over that broken down in that interval and is called here ester accumulation. 


Table 1. Lactic acid formation and phosphoric ester accu m ulation from 
glycogen and glucose hath present to 0-5 %. 

Maximum 

decrease of Time of 
“inorganic” maximum 







})hoHphorus 

ester 


Lactic ac 

id formed {mg. per 1(K) cc 

. extract) in 

(mg. per 

aeciimu 


r 

--— 

\ _ .... 


100 ce. 

lation 

Kxporimoiit 

20 mins. 

40 mins. 

60 mins. 

120 mms. 

extract) 

(rains.) 

252 Glycogon 

106 

170 

227 

264 

21 

10 

Glucoae 

118 

213 

300 

427 

3 

10 

254 Glycogon 

72 

98 

114 

130 

25 

20 

GIucoho 

78 

137 

162 

186 

•> 

2 (» 

255 Glycogon 

80 

143 

171 

207 

35 

40 

Glucose 

84 

162 

224 

295 

0 

— 

256 Glycogen 

107 

157 

195 

284 

29 

10 

Glucose 

70 

141 

202 

321 

2 

60 

257 Glycogen 

102 

154 

191 

233 

13 

10 

Glucose 

64 

104 

113 

119 

0 

— 

260 Glycogen 

127 

183 

229 

260 

38 

20 

Glucose 

145 

229 

247 

250 

L5 

10 

261 Glycogen 

101 

154 

192 

301 

46 

40 

Glucose 

79 

125 

192 

332 

L5 

50 

262 Glycogen 

90 

167 

216 

252 

6 

10 

Glucose 

69 

150 

222 

350 

0 

— 


From the results in Table I it will be noticed that decidedly greater ester 
accumulation took place in every case with glycogen. With glucose it was 
very feeble and in some cases never took place at all. The striking difference 
between glucose and glycogen in this respect is not due to a less extensive 
formation of lactic acid from the hexose nor to a lower rate of formation of 
the acid. These results seem to indicate that at the start of the incubation, 
when the concentration of the glycogen is high, the formation of phosphoric 
ester generally proceeds at a greater rate than the subsequent removal of 
the phosphoric acid groups. With glucose, on the other hand, it would appear 
that these two opposing and concomitant reactions almost balance, and from 
an examination of a great many extracts it has been noticed that the greater 
the rate of glycolysis the more does the rate of ester formation tend to exceed 
that of the breakdown. If lactic acid originates only from carbohydrate that 



LACTIC ACID FORMATION IN MUSCLE EXTRACTS 585 


has been through the intermediate stage of phosphoric ester, then it is difficult 
to understand why in the case of glycogen the ester should sometimes accu¬ 
mulate to the extent it does, particularly in those cases where the rate of 
lactic acid formation is greater than with glucose, indicating to all appearances 
a more rapid hydrolysis of the ester. It is conceivable, however, that the ester 
which accumulates in the glycogen samples does not have the same stmcture 
and hence does not yield the same end product as the intermediate ester 
formed from glucose. This point is under investigation and will be discussed 
in subsequent papers. 

Another point deserves consideration. It will be noticed that the lactic 
acid formation from glucose varies greatly from one experiment to another. 
In some cases it is greater with glucose than with glycogen and in other cases 
it is not. It might be argued that in a series of experiments like the above 
where the conditions were kept as uniform as possible, this variation might 
be <iue rather to faulty technique than to a real difference produced by some 
unknown factor. The following experiment shown in Table II tests this point. 
2 kg. of cat muscle were ground up and extracted in the usual manner, and 
the final volume of extract, 900 cc., was divided up into three portions of 
180 cc. To each of these were added 9*5 cc. of 10 % glucose solution. The 
‘inorganic’’ phosphorus and the lactic acid were estimated at the intervals 
indicated. 


Table II, Exp. No. 265. Inorganic'^ phosphorus concentrations and lactic add 
increases in three aliquot portions of the same extract, all containing 0-5 % 
glucose. 


Time in 

“Inorganic 

1 

” phosphorus concentration 
(mg. per 100 cc.) 

Increase in lactic acid 
(mg. per 100 cc.) 

mins. 

Sample A 

Sample B 

Sample C 

Sample A 

Sample B 

Sample C 

Start 

71-3 

71-0 

710 

— 

— 

— 

10 

70-5 

70-5 

70-6 

36 

36 

38 

20 

71-0 

71-0 

710 

72 

76 

72 

40 

72*3 

72*3 

72*1 

166 

167 

166 

60 

75*7 

760 

76*0 

219 

222 

228 

90 

82*3 

82*9 

82-9 

291 

308 

311 

120 

89-5 

89-5 

89-6 

313 

326 

327 


The above results indicate the extent of the variation that is to be ex¬ 
pected. The lactic acid values show greater fluctuations than the phosphorus 
values but these are not of sufficient magnitude to account for the erratic 
nature of the results in Table I. These must be due to some unknown factor 
connected with the preparation of the extract or even with the animals. 
In this connection it has been found that tame rabbits, as compared with 
wild rabbits or cats, give invariably most disappointing results as regards 
lactic acid formation from glucose. 
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Summary. 

JJxtracts from the muscles of eight cats have been examined for lactic 
acid formation and phosphoric ester accumulation from both glucose and 
glycogen. In the case of glucose the extent of the ester accumulation is very 
small compared with that from glycogen even when the rate of lactic acid 
formation from glucose is greater than from glycogen. Both the rate and 
extent of the lactic acid formation from glucose are, generally speaking, 
greater than from glycogen, but in this respect there is a great variation from 
one extract to another. It is shown that this variation is not due to faulty 
technique in the manner of incubation or in the analytical procedure, but is 
due to some factor as yet uncontrolled. 

In concluding, the author wishes to express his thanks to Prof. E. Way- 
mouth Reid, F.R.S., for his assistance in the perfusing of the cats. 

REFERENCES. 

Fiske and Subbarow (1925). J. Biol. Chsm. 66, 375. 

Friedemann, Cotonio and Shaffor (1927). J. Biol. ('hew. 73, 335. 

Stiveii (1928). Biochem. J. 22, 867. 



LXVII. THE DETERMINATION OF THE 
TERTIARY DISSOCIATION CONSTANT 
OF PHOSPHORIC ACID. 


By ISAAC NEWTON KUCELMASS. 

Frcmi the Department of Pediatric Research, The Fifth Avenue 
Hospital, Netv York. 

{Received March 11th, 1929.) 

(JuANTiTATivE stuclies of the mechaihsm of calcification require a knowledge 
of the ])hysico-cheinical constants ol the blood equilibria involved in the 
])rocess [Kugelniass, 1924; Kugelmass and Shohl, 1924]. 

The values for the tertiary dissociation constant of phosphoric acid avail¬ 
able at present are at variance. Abbott and Bray [1909] found K 3 to be 
fhb at IcS^ for a total concentration of 0-026 i/ by means of con¬ 

ductivity and distribution ratios of ammonia between chloroform and solu- 
lions of sodium ammonium ])hosphate. This value seems incompatible with 
the a})parent dissociation constant from the dissociation curve for the 
phosphates, which is of a higher order of magnitude. 

The tertiary dissociation constant of phosphoric acid was determined from 
a study of the aqueous systems of the tertiary phosphates at equilibrium 
trom the standpoint of hydrolysis. 

The neutralisation of orthophosphoric acid by strong alkali has been 
studied by means of thermochemical, electrometrical, and conductance 
measurements. Thomsen has shown that the small heat effects that attend 
the addition of the third equivalent of base indicate that the third equivalent 
of hydrogen of the acid is far from completely replaced when the proportions 
of acid and base are those corresponding to the salt ISTagPf^. Berthelot found 
that the decrease of conductance during neutralisation may be represented 
by a straight line up to the point at which the first hydrogen ol the acid is 
replaced and by another straight line different in direction from the first up 
to the point corresponding to the replacement of the second hydrogen. Beyond 
this point further addition of alkali causes a change in the direction of the 
curve, which can no longer be represented by a straight line. Hence, the 
first and second equivalents of hydrogen in orthophosphoric acid are almost 
quantitatively replaced but the third equivalent is only gradually neutralised 
as the proportion of base increases. These results clearly indicate that the 
tertiary phosphate is hydrolysed to a considerable extent. 

Biochem. 1929 xxm 
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Theoretical. 


Derivation of equations. The tertiary dissociation constant may be evaluated 
from the degrees of hydrolysis of the tertiary phosphates. The hydrolysis 
occurs progressively in several stages, to each of which correspond definite 
equilibria represented by the following stoichiometric equations: 

Na3P04 + H2O Na2HP04 + NaOH .( 1 ). 

Na2HP04 H2O ^ NaH^PO^ + NaOH 

NaH^PO^ + HgO H3PO4 4 NaOH 

The tertiary phosphate hy^^olyses to a great extent, the secondary and 
primary salts inappreciably, as will be evident from the data below. Such an 
aqueous system probably also contains the intermediate ions, Na2P04“ and 
NaP04~, but we know very fi.ttle about their concentrations or activities. 
Hence, the first stage hydrolysis (equation (1)) may be considered as the 
essential equilibrium. 

The mechanism of equation ( 1 ) may be expressed by the ionic equilibrium: 

P04^ + H2O HP04=^ + OH^. 


Applying the law of mass action, 

[ HPOr][OH-] _ j. 

where the brackets include the ion activities; is the ‘"activity” hydrolysis 
constant. 

The degree of hydrolysis, h, is by definition, 

. __i HPOr] [QH-] .0. 

yX' “ y,c . 

and = 

■where y^, y^, y^. are the activity coefficients of hydroxide, secondary and 
tertiary phosphates of sodium or potassium respectively and C is the total 
molar concentration of all phosphates. Substituting the values of 0H“, HPO^^ 
and PO 4 - from these relations in equation (2), we have 

Also, the condition obtains that 

[H+] [OH-] = K„. 

Dividing this by equation (2), 

[H-e][PO,5] _ ^ ^ ... 

[HPO 4 -] K* . 

where is the tertiary ion actmty or true constant. 

The apparent dissociation constant may also be expressed in terms of 
the degree of hydrolysis of the tertiary salt 

^/_[H■^ltNa,P04] (Ry 
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Replacing for the secondary and tertiary salt concentrations their equi¬ 


valents from the above relationships 

K3' = iH" j (qi‘) . (7). 

Expressed in logarithmic form 

ftl .(8). 


Experimental. 

Method of j)rocedure. Purely prepared sodium and potassium phosphates 
were made up to definite concentrations with conductivity water at 20 ° and 
kept in pyrex flasks. The hydrion concentrations of th(‘se solutions were 
measured potentiometrically in a thermostat maintained at 20 ° and 38° 
(^* 02 ° respectively. The gas chain (consisted of Pt—H 2 —solution x —saturated 
KOI—HgCl—Hg. The hydrion potentials measured for these solutions at 
varying time intervals showed that the hydrolytic equilibria are established 
immediately on preparation of the solution. 

The hydrion concentration measurements were standardised daily against 
0*1 N HCl pre])ared from constant boiling acid. The was 1*085 at 20 ° 
and 1*09 at 38°, extrapolated from the activity coefficients determined by 
Noyes and Ellis [1917]. The calculated e.m.f. values of the entire system 
against the acid standard W'cre 0*3119 at 20 ° and 0*3022 volt at 38°. The 
average divergence in terms of was 0*003. The observed voltages were 
corrected to one atmosphere of hydrogen. 

Preparation and analysis of materials. The tertiary phosphates were re¬ 
crystallised twice from distilled water free from COg and finally again by the 
addition of an equal volume of 95 % alcohol and then cooling in ice w-ater. 
Two liquid phases were formed upon addition of alcohol, crystallisation pro¬ 
ceeded at the interface while the upper phase gradually disappeared. The 
upper layer in the closed system prevented the absorption of CO 2 which 
otherwise w^ould have tended to form the secondary phosphate and carbonate. 
The Na 3 P 04 . 12 H 20 crystals are trigonal and the K 3 PO 4 . 2 H 2 O are needle-like. 
The crystals were filtered on a Bilchner funnel with suction and washed several 
times with alcohol. They were dried on a glass plate and finally pulverised. 
No attempt was made to prepare constant hydrates but the crystals were 
dried to remove free moisture and analysed for water of hydration. The water 
content was determined by first weighing a sample of the material in a pla¬ 
tinum crucible and then heating in the electric furnace until constant weight 
was obtained. 

The dodecahydrated trisodium phosphate crystals were tested by deter¬ 
mining the transition temperature, 73*4°, which Richards proposed as a fixed 
point in thermometry. Analysis of the phosphates gave the following results* 


38-^2 
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Percentage composition of the phosphates. 


Halt 

K2HP()4 

NagHPO^ 

NaaPOj 


P 


t --^ 

Water determined Determined Calculated 

27-41 13-82 13-86 

45-65 12-70 12-77 

:i4-84 9-50 9-47 

44-74 10-45 10-49 


Experimeyital and calculated data. 

[H^] is the activity of the hydrion taken as that determined by the 
hydrogen electrode. 

yg and y^ are the activity coefficients of the hydroxide, secondary 
and tertiary phosphates, respectively of sodium or potassium. They are the 
thermodynamic degrees of dissociation obtained by dividing the mean activity 
of the ions or their effective concentrations by the molarity of the salt. The 
coefficients given were read from curves plotted from Lewis and RandalPs 
data [1923] for uni-, bi- and tcr-valent anions at the calculated ionic strengths. 
The validity of this procedure follows especially from recent work which 
indicates that the ratio of the activity coefficient of an ion of one valency to 
that of another is constant at a given ionic strength. 


Table I. The tertiary dissociation constant of phosphoric acid. 


Calculated from the hydrolj^sia of Na 3 p (.)4 at 2()^‘. 


c 

H+ 

OH- 

n 


ys 

y? 

h 

Ka 


K«. 10 i 2 

K„M 0 -i 2 

0-0250 

0-907 X 10-12 

9-48 X 10-3 

0-126 

0-79 

0-23 

0-18 

0-480 

1-12 X 

10-2 

0-77 

0-98 

0-0125 

1-418 „ 

6-03 „ 

0-065 

0-84 

0-33 

0-26 

0-574 

1-03 


0-83 

1-06 

0-00625 

2-263 „ 

3-80 „ 

0-029 

0-88 

0-42 

0-33 

0-691 

1-08 


0-80 

1-01 

0-00312 

3-806 „ 

2-26 „ 

0-014 

0-90 

0-51 

0-41 

0-805 

1-16 

- 

0-74 

0-92 



Calculated from 

the hydrofysis 

of K 3 PO 4 at 20 °. 





0-0250 

0 930 X 10-12 

9-25 X 10-3 

0-124 

0-80 

0-24 

0-19 

0-468 

1-04 A 

10-2 

0-83 

1-06 

0-0125 

1-431 „ 

6-01 „ 

0-065 

0-84 

0-33 

0-26 

0-572 

1-02 


0-84 

1-07 

0-00625 

2-278 „ 

3-77 „ 

0-029 

0-88 

0-43 

0-33 

0-685 

1-04 


0-82 

1-04 

0-00312 

3-858 „ 

2-23 

0-015 

0-91 

0-51 

0-41 

0-784 

1-00 

,, 

0-85 

1-04 




Calculated from the hydrolysis of NagPO^ at 38°. 




0-0250 

2-591 X 10-13 

1-29x10-2 

0-115 

0-80 

0-24 

0-19 

0-648 

3-02 X 10-2 

Ml 

1-40 

0-0125 

4-203 „ 

0-797 „ 

0-056 

0-84 

0-33 

0-27 

0-759 

3 07 „ 

1-09 

1-33 

0-00626 

7-202 „ 

0-466 „ 

0-027 

0-88 

0-43 

0-34 

0-846 

3-23 „ 

1-03 

1-31 

0-00312 

1-305 „ 

0-257 „ 

0-013 

0-91 

0-52 

0-43 

0-914 

3-33 „ 

1-00 

1-22 



Calculated from the hydrolysis of K^PO^ 

1 at 38°. 




0-0250 

2-681 X 10-13 

1-26 X 10-2 

0-115 

0-80 

0-24 

0-19 

0-629 

2-70 X 10-2 

1-24 

1-57 

0-0125 

4-312 „ 

0-77 „ 

0-056 

0-84 

0-33 

0-27 

0-740 

2-71 „ 

1-24 

1-52 

0-00625 

7-261 „ 

0-46 „ 

0-027 

0-88 

0-43 

0-34 

0-839 

3-01 „ 

1-12 

1-41 

0-00312 

1-332 

0-25 „ 

0013 

0-91 

0-62 

0-43 

0-887 

2*39 „ 

1-39 

1-68 
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Table 11. The terfiari/ <hssocwf( 0 }i atvsfant of phosphoric acid. 


Calculated from KoHlM)^—mixtures 





K.- _ 

L 7/. 

y- - 

], 







r 

Vn 

-[11+1 





(' 

B 

Vn 

H + 

OH- 


y>i 

ys 

7/ 

Ky.io- 

ooina 

0 0002 

11-20 

o-ai X j{K) 

0(M)10 

0-i i 

0-80 

0-25 

0 20 

1-00 

()-02a4 

0-0118 

1 l-o5 

2*82 „ 

o-oo:io 

0-15 

0-70 

0 21 

0-10 

1-10 

U 0278 

0-0108 

11*80 

1-59 „ 

0 0005 

0 12 

0 78 

0 23 

0 19 

0-94 

0 {)2()3 

0-0211 

11*05 

M2 „ 

0(M)89 

0-12 

0 79 

0-23 

0-19 

0 84 


/X is the total ioiiie 8tr<‘ngth. Th(‘ ionic .str^aiglh is ecjual to the stoichio- 
nn^tric molarity of eaeb ion multiplied by th(‘ scpiart^ of its valence. The total 
ionic strength is equal to the sum of the strengths of the' anions and cations 
divided by two. The activity coeffic ient of a, strong elecdrolyte is the same in 
all dilute solutions of the same ionic strtmgth. 

K;, is calculated irom equation (D, K,/ from equation (5), and from 
equations (b), (7) or (8). at is 0*8b - 1(1 and at 38^ is 3*35 10"^^. 


Discassi(fH of /i ;3 calrahped. 

Tlie tertiary dissociation constant may be calculated Irom the data ob- 
taiiHsl by th(‘ c‘h‘ctrometric titr<ition oi phos[)hori(‘ acad and from the formulae 
dev(dop(‘d liy Van Slyke [1922). The eqmition for the dissociation of a weak 
acid in an alkaline system is No. 29 of Van Slyk(‘’s jiajier, 

K ' - V ys / 

I - 


+ L(H(] 

yii 

Table III of that paper gives K/ calculated from the titration data of 
W. M. Clark ior H(lv.^P 04 ) ' KOH. The above ecjuation was used in its 
.^imjililied form assuming com])lete dissociation. A recahudation of using 
activity coefficients at the respective ionic strengths is given in Table 111. 
These values are concordant with those obtained from the hydrolysis dat<i. 

The apparent tertiary constant may also be calculated from the apparent 
secondary dissociation constant knowing the hydrion concentration which 
defines the secondary phosphate. Replacing the secondary and tertiary salt 
concentrations in equation (fi) by their equivalents, 


[Na^HPOJ 
and solving the quadratic, we obtain, 

K. 


K/ sLH-^ I 
K,' 
[H-T 


[C'l 


|H+P 

K,' 


Therefore, the secondary phosphate ratio has a inaxinnun when [H' ] is the 
geometric mean of the apparent dissociation constants, 


Pn 


Pk,' + Pk,' 
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The secondary phosphate is difficult to localise experimentally. 

Clark’s titration curve gives 'p^ 9*3 for 0*066 M K2HPO4, = 6*8 and hence 
p^^ is 1 ]* 8 . The secondary phosphates prepared in this work had a p^ of 
9*35 and hence p-^^ is 11-9. 


Table III. The tertiary dissociation constant of phosphoric acid. 


Calculated from titration data of W. M. Clark for K 2 HPO 4 + KOH. 


c 

B 


H 

OH- 

IJ 

Vh 

ys 

77 

Ky. 10-12 

00313 

0 - 00 G 2 

11-20 

6-31 y 100~2 

0-0016 

0-11 

0-80 

0-25 

0-20 

1-06 

0-0294 

0-0118 

11-55 

2-82 „ 

0-0036 

0-15 

0-76 

0-21 

0-16 

MO 

0-0278 

0-0168 

11-80 

1-59 „ 

0-0063 

0-12 

0-78 

0-23 

0-19 

0-94 

0-0263 

0-0211 

11-95 

1-12 „ 

0-0089 

0-12 

0-79 

0-23 

0-19 

0-84 


Conclusion. 

The tertiary dissociation constant of phosphoric acid, determined from 
the hydrolysis of the tertiary phosphates, has been found to be 1*02 x 
at 20^ and 1*48 x lO-^^ 330 ^ 
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During the last few years experiments on the oxidation of the higher fatty 
acids by means of hydrogen peroxide in the presence of ferrous iron have 
been carried out in this laboratory by C. G. Daubney; the results however 
w(Te found to be exceedingly irregular. Under conditions which were appa¬ 
rently similar, in some experiments oleic acid was rapidly attacked and largely 
broken down to carbonic, formic, acetic and succinic acids; in other experi¬ 
ments hardly any action took place. The alteration in the conditions, however, 
which so greatly increased the oxidation eluded discovery. In a further 
attempt to solve this problem, the present authors endeavoured to investigate 
the eSect of the addition of small quantities of ini])urities to the reaction 
mixture. 

The conditions of the original experiments were as follows. Into a large 
flask were introduced 2-5 g. oleic acid, 10-G cc. N sodium or ammonium 
hydroxide and 125 cc. distilled water: when the oleic acid was dissolved, 
15 cc. of a solution containing 0-613 g. ammonium ferrous sulphate and 
350 cc. hydrogen peroxide solution (20 vols.) were added to the soap 
solution. The flask fitted with a reflux condenser was left for 2 hours in a 
bath at 60°, the outlet being connected to an apparatus for the absorption 
of OO 2 . At the end of this time, 2 cc. concentrated sulphuric acid were 
added and nitrogen was blown through the apparatus for a further 2 hours. 
Any insoluble acid was then filtered off and the liquid steam-distilled. 

We first investigated the effect of the addition of small amounts respec¬ 
tively of nickel, manganese, zinc and copper salts which were added to the 
mixture at the same time as the ferrous salts. It was at once evident that 
the reaction was influenced by the addition of the copper salt but no certain 
effect was noticeable when nickel, zinc or manganese salt was added. Next 
we tried the effect of replacing the ferrous salt by an equivalent amount of 
cupric salt and we found that consistent results were obtained. The oxidation 
was very much more marked than in the “inactive” experiments with the 
ferrous salt, but the proportion of volatile acid was never quite as great as in 
the “active” iron experiments. Since we had now found conditions which 
were always repeatable, and since under the influence of the cupric salt at 
60° in the presence of excess of hydrogen peroxide oleic acid may be largely 
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broken down into carbonic, formic, acetic and succinic acids, we decided 
to investigate this reaction quantitatively. We do not, however, think that 
the condition in the original experiments with ferrous salts which determined 
their activity was the presence of copper salts. 

The influence of copper salts in promoting oxidation. 

A study of the literature showed that the action of cupric salts in ])ro- 
moting the oxidation of tincture of guaiacum in the presence of hydrogen 
peroxide had been frequently noted and that one or two other instances of 
their action had been observed. Bourquelot and Bougault [1897] first re¬ 
corded that ill the presence of copper salts tincture of guaiacum is coloured 
blue, just as it is by the action of oxidising ferments. Here the oxygen 
necessary for the oxidation is derived from the air, and the copper salt 
behaves as an oxidase. Thus, if to a 2 % solution of quinone two or three 
drops of a 1 % solution of copper acetate are added, the characteristic l)lue 
colour is produced slowly in the cold, more rapidly on heating. The presence 
of oxygen is essential and the colour is not produced in vacm. Labat [1908] 
recorded that an intense red colour was produced with the Kastle-Meyer 
reagent (an alkaline solution of phenolphthalein decolorised by boiling with 
zinc dust) in the presence of hydrogen peroxide to which a drop of a 2 
solution of copper sulphate in glycerol had been added. Mueller [19181 again 
confirmed the observations of Bourquelot and Bougault and drew attention 
to the behaviour of cupric salts both as oxidases, the supply of oxygen being 
obtained from the air, and as peroxidases, hydrogen peroxide acting as the 
source of the oxygen used in the reaction. Mueller suggested that the cupric 
salt reacts with the hydrogen peroxide, one oxygen atom of the peroxide 
entering into combination with the partial valencies of the copper and that 
this unstable compound then reacts wdth the oxidisable compound. 

Thomas and Carpentier [1921] repeated Labat’s observation and showed 
that the Ivastle-Meyer reagent is extraordinarily sensitive to the action of 
copper salts, the colour being perceptible wdth a solution of copper con¬ 
taining only one part in a hundred million; indeed the distilled water found 
in most laboratories where copper stills are used for its preparation was found 
to be active. The close resemblance of this action to that of a peroxidase was 
again stressed by these authors, who also made the interesting observation 
that the lactate and tartrate of copper were inactive, but that the acetate 
and butyrate were active, behaving like the mineral salts. Aloy and Valdigui6 
[1923] extended these observations and brought forward evidence in support 
of the view that the intermediate substance concerned in this reaction is an 
unstable cupric peroxide: this substance they prepared by the method origi¬ 
nally described by Thenard and also by the addition of a solution of hydrogen 
peroxide to one of ammoniacal copper sulphate, and they found that the 
peroxide behaved as a peroxidase. The activation of oxygen by metallic 
copper was studied by Wieland [1923]; in his experiments various organic 
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acids, acetic, pyruvic, succinic, malic, ])enzoic, oxalic and lactic, were oxidised 
with the production of carbonic acid, the acids being shaken with oxygen 
in the presence of metallic copper. Tie found that the reaction only took 
place in acid solution and that when the metal had dissolved in the acid 
oxidation was at an end. He found a similar effect when cuprous salts were 
added in the presence of hydrogen peroxide and here again the effect was 
only produced in acid solution and came to an end when the cu])rous salt 
was converted to the cupric state. He says Vor allem alx^r })usst das •j)eroxyd- 
ische oder hdherwertige Kupfer nach Abgal)e eines Sauerstoffaequivalentes 
als Cuprisalz sein Oxydatioiisverm(>gen ein.” 

With regard to this we can only say that under th(‘ (*onditions of our 
experiments the cupric salts are certainly the active agents. Since, as far as 
our investigations go, the presence of an acid group in the molecule seems 
essentia] in order that oxidation may take ])lace, it seems to us possible that 
the copper enters into the molecule of the oxidisable acid, forming a salt, 
and that the partial valencies of the copper then unite with the oxygen of 
th(' hydrogen peroxide as Mueller suggested, forming an unstable interniediiite 
comj)ound. 

The close analogy of the action of cupric salts with that of the ])eroxidases 
made us hopeful tliat the oxidation of the higher fatty acids by means of 
hydrogen y)eroxide in the pr(*sence of cupric salts might ])resent a closer 
analogy with the physiological process than oxidation by any other known 
la})oratory method. When the higher fatty acids are acted upon by liydrogen 
])eroxide in the absence of a c.atalyst they ar(‘ very little attacked and therefore 
it has been difficult to establish the nature of the reaction. We decided there¬ 
fore first to work out th(' method on the simpler fatty acids and their 
oxygenated derivatives and later to apply the method to a comparison of 
the oxidation of ])almitic, oleic and stearic acids. 

Preliminary experiments on the oxidation of oleic acid indicated that 
among the products of the reaction were acetic and succinic acids. The be¬ 
haviour of these acids under the same conditions of oxidation was therefore 
examined and the reaction extended to other acids which might conceivably 
occur as intermediate products. Succinic acid was chosen for the investiga¬ 
tion of the conditions of the reaction. 

Influence of the reaction of the mediutn. In alkaline or neutral solution 
very little oxidation of succinic acid occurs; favourable results were obtained 
when the acidity of the mixture corresponded to 0*0U) to 0*020 N, It seems 
essential that the reaction shall be acid but small changes in the hydrogen 
ion concentration appear to exert little influence. 

Method. 

2*5 g. of the acid to be oxidised were placed in a large flask and the 
calculated quantity of N NaOH solution was added, in most cases sufficient 
to make the whole reaction mixture equivalent to an acidity of 0*015 to 
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0-020 N. A measured quantity of a 0-73 % solution of crystalline cupric 
sulphate and 350 cc. of a previously neutralised solution of hydrogen peroxide 
(20 vols.) were then added, the latter reagent being present therefore in large 
excess. The mixture was left in a bath,at 60° for a stated time, the outlet 
of the flask being connected with an absorption apparatus containing a known 
amount of a standard baryta solution: 2 cc. concentrated sulphuric acid 
were added to the contents of the flask and nitrogen was blown through for 
1| hours, the bath being meanwhile allowed to cool. When the oxidisable 
acid is insoluble in water, the addition of the sulphuric acid precipitates any 
insoluble acid and so prevents the further action of the peroxide. In the 
case of soluble acids, however, the effect of the hydrogen peroxide on the acid 
continues though at a lower temperature and in a much more acid medium 
during the time in which the carbonic acid is being blown off. 

Table I. 

(a) during time of experiment; 

(b) during subsequent steam-distillation at 1(U)'\ 

Percentage of original Kuccinie acid 
appearing as 


Succinic Time of 
acid exp, 

g. hr. 

Reaction of 
mixture 

proportion 

Cu to 1 mol. 
succinic acid 

CO, 

"(a) 


Formic 

Aceti(‘ 

171 fi 11 e n ce of read wn of 

0.5 2 

medium: 
Alkali 
0*054 N 

0 *(K )0 

4*0 




„ 1 


0*077 

0*6 

— 

— 

— 

„ 0-5 


0*077 

0*8 

__ 

_ 

_ 

M 1 

Acid 

0-0IT) A 

O*(X )0 

7*1 

37 1 



„ 1 

,, 

0*077 

45*2 

6*0 

— 

— 

„ 0*5 


0*077 

41*2 

s*o 

3*9 

26*5 

Lnfivence of proporkon of copper: 

Acid 

2-5 0-5 0 012 N 

0*000 

Trace 





0*015 N 

0*026 

9*4 

— 

— 

_ 

»» 

0*018 A 

0*052 

28*8 

15*0 

5*0 

22 * 0 * 


0*020 A 

0*078 

53*4 

5*0 

2*0 


Influence of time of experhnent : 

Acid 

2<) O-o O-OUA 

0*026 

9*7 




1 



29*6 

— 

— 

_ 

M 1*5 



48*9 

— 

_ 

_ _ 

,, 2 

,, 

,, 

56*9 

— 

— 

— 


In these experiments the hydrogen peroxide was removed before the steam-distillation. 

The acid mixture is then filtered. In the earlier experiments the solution 
was then steam-distilled, but in this case the excess of hydrogen peroxide 
continues to act at a higher temperature on any products in the solution. 
In the later experiments, therefore, before carrying out the steam-distillation, 
the excess of hydrogen peroxide was destroyed by making the solution alkaline, 
adding to it finely powdered charcoal and allowing it to stand overnight. 
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The next morning the filtered solution was again acidified and steam-distilled, 
the distillate collected, any emergent gas being passed through a standard 
baryta solution. The distillate was neutralised with a known amount of N 
NaOH solution and evaporated to dryness. The amount of formate in the 
sodium salts of the volatile acids was estimated, and the molecular weight 
determined. In most cases the acid is completely soluble and appears to 
consist almost entirely of acetic and formic acids. Aldehyde was usually 
present and was estimated in an aliquot part of the original distillate. The 
results of the experiments with succinic acid which are collected in Table I 
show (1) that the addition of the cupric salt efiective in acid but not in 
alkaline solution; (2) that after the mixture has stood for half an hour at 60°, 
about 75 % of the succinic acid has been decomposed into carbon dioxide, 
formic acid and a notable proportion of acetic acid. 

Cow'parison of the relatix^e of ferrous, cupric and cuprous salts. 

Neither in acid nor in alkaline solution did we find that ferrous salts 
influenced the oxidation of succinic a(;id under the conditions of our experi¬ 
ments. The amount of oxidation was here measured by the percentage of the 
original acid appearing as CO 2 during the time of the experiment. It will be 
soon that the results of the ex])eriments in which iron was present were 
similar to those in which no metallic salt was added. The possibility that 
intermediate products of oxidation were present was not however excluded. 

Table II. Showing the comparative effect of cupric and ferrous salts on the 
oxidation of succinic acid by hydrogen ^wroxide. 


Succinic 

Time- of 

Reaction of 


Percentap;e of 
original 8U( 

acid 

cx.p. 

mixture 

Metal 

acid convf 

r • 

iir. 

(acid) 

added 

to CO. 

2-5 

[ 

0-022 .V 

___ 

7-2 


O-d 

(t014 .V 

Fe 

60 


0 5 


Fe 

8-8 


1 


Fe 

. 5-2 


1 


Fe 

4-4 


0-5 


Chi 

41-2 


1 


Cm 

50-4 


1 


Cu 

46-4 


I 


Cm 

54-0 


1 

>• 

Cu 

45-2 


0-078 of an atomic proportion of Cu'^ or ¥e" was taken in each case. 

The substitution of cupric chloride or cuprous chloride for cupric sulphate 
gave similar results. The action of the cuprous chloride was rather slower 
than that of the cupric compound. The efiect of the same salts in promoting 
the decomposition of the hydrogen peroxide was then studied, the decom¬ 
position being measured by the volume of oxygen evolved in the same time 
under similar conditions at 60°. 

70 cc. hydrogen peroxide were neutralised with 1*4 cc. N NaOH, 23*6 cc. 
water and 2 cc. N acid added and equivalent amounts of cupric and 
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cuprous chloride and of ferrous sulphate respectively. The relative amounts 
of oxygen liberated in the same period of time when measured under similar 
conditions were respectively 910 cc. (CuClg), 610 cc. (CuCl) and 215 cc. 
(FeS 04 ). The control in the absence of metallic salts liberated 160 cc. 

It appears therefore that cuprous salts are more effective in bringing about 
the decomposition of hydrogen peroxide but that cupric salts are more active 
in catalysing the oxidation of the aliphatic acids by hydrogen peroxide. 

We then investigated the effect of the same oxidising agent on some of 
the acids which might possibly occur as oxidation products of succinic acid 
and the results which we obtained are set forth in the following table (Table 111). 
In each case the reaction of the mixture was ()*()14 N acid and 0*078 of an 
atomic proportion of copper was present for each molecular proportion of 
the acid to be oxidised: the conditions of the experiments were similar to 
those already described. The action was estimated by the weight of carbonic 
acid evolved during the time of the experiment and during the subsequent 
period in which the carbonic acid is being blowm off from the solution. 


It is possible that, in the absence of the cupric salts, oxidation products cou- 


taining the same number of ( 

carbon atoms may 

have bee 

n produced 

. We (lid 

not however obtain 

any evidt 

‘lice of this 







Table III. 








and C\i 

H,(). 

alone 





Acid 


Acui 



Time of 

W('i^^ht 

converted 

Wcifzht 

coiu erted 



exp. 

C(\ 

to C(_), 

CO, 

to (T), 

Acid 


hr. 


() 

() 



^Sucoinic 

2-0 

o-r> 

1-54 

41-2 


Trace 



1 

P 68 

40-2 

— 

7-1 




201 

.54 0 

_ . 





1-58 

42-4 

0 04 

1-5 




1-87 

.50-2 

_ 





1T)5 

44-4 

0-006 

0-02 

Malic 

10 

1 

0-77 

58-8 

0-0.3 

2-3 

Tartaric 

2-5 

0-5 

> 1-68 

>.57-3 

\C()., evolved too rapidly 



0-75 

>1-93 

>()5*8 

) for complete 

absorption 


10 

0-5 

M 8 

100 

0-0 

0-0 



1 

M 8 

100 

0-0 

0-0 

Dihydroxymaleic 

10 

1 

0-76 

640 

0-29 

24-45 



1-25 

0-72 

60-2 

0-34 

28-60 

Pyruvic 

10 

1 

0-90 

60-00 

0-31 

21-00 


ff 

— 

0-85 

56-67 

— 

— 

Lactic 

1*0 

1 

oe>3 

43-3 

0-002 

0-14 



— 

0-56 

38-0 

— 

— 

Malonio 

1-0 

1 

0*02 

1-8 

_ 

— 



1*25 

0-48 

. 38-5 

— 

— 


,, 

2 

0-43 

34-6 

0-01 

0-8 

Acetic 

2 5 

1 

122 

33-3 

_ 

,— 


10 

1 

0*47 

32-3 

0-007 

0-4 


When tartaric acid is oxidised by means of hydrogen peroxide in the 
presence of ferrous iron, dihydroxymaleic acid is the first product of oxidation 
[Fenton, 1894,1896]. Since, however, in the presence of cupric salts, dihydroxy- 
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maleic acid is much less readily oxidised to carbon dioxide than is tartaric 
acid, the evidence available does not support the view that, in the presence 
of cupric salts, tartaric acid is first converted to dihydroxymaleic acid. 
Malonic acid showed a curious period of lag before action began in three of 
our experiments, during the first hour there was practically no evolution of 
carbonic acid, then in the next 15 minutes a rapid evolution of gas took place. 
The notable proportion of acetic acid formed during the oxidation of succinic 
acid was interesting, and the fact that acetic acid itself was also converted 
to carbonic acid, one-third of the amount taken being completely oxidised 
to carbonic acid in an hour, was also noteworthy. 

Ill the absence of the cupric salt only two of the acids taken were oxidised 
by the action of the hydrogen peroxide under the conditions of our experi¬ 
ments. These were pyruvic and dihydroxymaleic acids, but the evolution of 
carbon dioxide is much greater in the presence of the copper salt. 

Similar experiments were carried out using alcohol, acetone and glycol 
as the materials to be oxidised, but in no case was there any evidence of 
oxidising action taking place. The addition of dilute sulphuric acid to the 
mixture produced no effect, and the action of the cupric salt seems only 
effective when the substance to be oxidised is an acid and the experiment is 
(tarried out when a certain proportion of the free organic acid is present. 

The oxidation of the higher fatty acids is at present under investigation, 
but as the method seems to be of general application for the oxidation of the 
aliphatic acids, we desire to record these preliminary results. 
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Introduction. 

The p ^ of blood was measured at body temperature by the glass electrode 
method about 2 minutes after the withdrawal of the blood from the blood¬ 
vessel. The p^ was observed to decrease by about 0*05 a few minutes later. 
This acid change seemed to be very important, as it meant that later deter¬ 
minations do not represent the p^i of the blood in the body. A typical p^j- 
time curve is shown in Fig. 1, curve 1. This p^ change was investigated 
further. 


Technique. 

(a) Collection of blood. 

Human blood was mainly used in this research, the total number of in¬ 
dividuals from whom one or more blood samples were taken being 21. No 
special attempt was made to control the physiological conditions which might 
afiect the % of the blood, but the subject sat still for 5-10 minutes before 
the blood-vessel was punctured. Stasis was generally avoided, but in the later 
experiments it was used when convenient. 

The skin was cleaned with an antiseptic, the vessel punctured with a 
sterile needle, and the blood was drawn into a syringe. Contact of the blood 
with air was avoided by filling the dead space of the syringe and needle with 
liquid paraffin. Change of temperature during this manipulation was reduced 
to a minimum. This could be done by using a small all-glass syringe, pre¬ 
viously warmed to 38°. When a syringe with metal plunger and cap was used 
it was necessary to warm it to about 45°, and to lag it with cloth, as otherwise 
the conductivity of the metal caused it to cool quickly. 

In the experiments in which chemical substances in solution were added 
to the blood, these were measured into the syringe before the puncture. The 

^ Beaney Research Student, Guy’s Hospital. 
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presence of a glass bead proved essential to ensure complete mixing. No 
liquid paraffin was used in these cases (except as a piston lubricant). The 
needle was inserted into the vessel, and blood allowed to flow through it 
before the syringe was attached. In this way air was removed from the 
needle and there was no danger of traces of the chemical entering into the 
circulation. 


{b) Measurement of jijj . 

The hydrogen ion concentration of I he blood was measured by the glass 
electrode method [Kerridge, 1926]. The blood was transferred immediately 
from the warm syringe to a standardised electrode, which was at body tem¬ 
perature, and the first determination completed between one or two 
minutes after the blood left the vessel. 

Twx) completely independent glass electrode apparatus w^ere used, so 
that simultaneous j)jj-time curves could be obtained from samples of blood 
either at two different temperatures, or wfith and without added substances. 
The calomel and glass electrodes of each apparatus were enclosed in a large 
air-bath wfith automatic temperature regulation and an efficient fan. The 
air-baths were lined with metal, which was connected to earth. When the 
door of an air-bath was opened, as for the introduction of the sample of 
blood, the fan w^as stopped, and an accessory heating lamp, situated near 
the door, was turned on. It w^as very important that this procedure should 
be completed as quickly as possible, and the fan turned on again as soon as 
the door was shut. The temperature remained constant within 0*5^ under 
these circumstances. The glass electrodes w^ere all made of Wood’s glass of 
the formula recommended by Hughes [1928]. They were standardised daily 
against a solution of M/20 potassium hydrogen phthalate, the of which 
was taken to be 3-97^, both at room temperature and at 37-5"^. The standardisa¬ 
tions were carried out at the same temperature as the subsequent experiment. 
From time to time, the electrodes were checked by determining the of a 
dilute phosphate buffer solution, of about p^ 7-3, which w^as also estimated 
by the quinhydrone electrode method. The calomel electrodes contained 
3-5 M KCl, and the potassium phosphate buffer used on one side of the glass 
membrane was dilute (approx. M/20). Under these circumstances the liquid- 
liquid junction potentials can be neglected, but evidence was obtained wffiich 
showed that this is by no means the case when the calomel electrodes contain 
M/10 KCl and the phosphate buffer solution is concentrated. Special care 
was taken with the groimd caps of the calomel electrodes, as KCl may diffuse 
into the electrode during long experiments when these fit badly. 

The Lindemann electrometers were adjusted so that a deflection caused 
by 0*25 mv. (corresponding to 0-004 p-^) could be detected. By the kind 
permission and courteous cooperation of the Cambridge Instrument Co., both 
potentiometers were calibrated at their works for zero error and uniformity 
of slide wire against one of their standard potentiometers. The potentiometers 
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were standardised before each experiment with a Weston cadmium cell. The 
error in the potentiometer readings is estimated at 0-5 %. Control experi’ 
ments in which the of the same liquid was measured in the two apparatus 
agreed within 0*02 This difference gives the order of the combined instru¬ 
mental and manipulative errors. The control experiments were done both on 
buffer solutions, whose 'p^ was checked by the quinhydrone electrode method, 
and on blood. Thus it may be said that the absolute p^i measurements were 
accurate to 0*02 but that differences of 0*005 pjp on any one sample were 
significant. 

Experiments. 

(i) Effect of sodium fluoride, 

Evans [1922] has described changes in blood shortly after shedding, 
which were stopped by sodium fluoride. We found that addition of 0*02 % 
sodium fluoride to the blood caused an almost complete disappearance of 
the change in pjj corresponding to the part of the pjj-time curve denoted at 
DE in Fig. 1. The inhibition was complete in greater concentrations, and 
we used 0*06 % in subsequent experiments in which we wished to eliminate 
this p^i change (cf. Fig. 1, curve 2). 



Fig- 1. jyytinie curves of shed blood. 

Curve 1. Veuous blood (human). 

Curve 2. Venous blood (human) -fO-06 % sodium fluoride. 

Curve 3. Arterial blood (cat under chloroform) 4 0-04 potassium oxalate-f 0-06 % 
sodium fluoride: kept at O'' until 1 min. before experiment. 

The abscissae repre.sent time in minutes after the blood left the vessel in curves 1 and 2, 
and after the blood was put in the electrode in curve 3. The rectangles represent size of 
experimental errors. 

AB corresponds to “latent period.” 

BC corresponds to “first acid change.” 

DE corresponds to acid change inhibited by sodium fluoride. 

We propose to use in the remainder of this paper the term '‘first acid 
change'’ for the change in p^ corresponding to the part of the curve in Fig. 1 
labelled J5C. It is this change which has occupied most of our attention. 
The time before the beginning of the first acid change, labelled AB, will be 
referred to as the “latent period.” 
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(ii) The ''first acid change. 

Particulars of p^-time curves at 38° and 28° are given in Table L Both 
the latent period and the duration were greater at the lower temperature, 
although they varied between rather wide limits. No figure has been given 
for the latent period of venous blood at 38° as in 12 out of 31 experiments 
the first acid change” had apparently commenced before the firstreading 
was taken about 2 minutes after shedding; of the remainder, 10 latent periods 
were between 2 and 8 minutes, and the others had widely different values up 
to a maximum of 40 minutes. 

A decrease in p^j of 0*05 corresponds to a 12 '1 % increase in hydrogen ion 
concentration, and an average deviation from the mean of 0*015 to a 
3*5 % variation. The vaT-iation is of the same order when only repeated 
determinations on the blood of a single individual are considered. 

There were no significant differences between th(^ results on arterial and 
oil venous blood. 

Table I. 

Venoaa blooci 

V(‘noii.s blood 4 ()‘04 K oxal. 4 0-(l6 NaF Artorial 


'remporaturo 

38" 

28’' 

38- 


blood 

38° 

Latent period (min.): 

Moan 

— 

11 

t) 

19 

7-5 

Maximum 

40 

13 

14 

3>0 

17 

Minitmj m 

lo 

8 

3 

12 

2-5 

Finsl acid change (pn)- 

Mean 

0-055 

0-05 

0 04 

0-05 

0-05 

Maximum 

0-095 

0-00 

0 08 

0-09 

0-08 

Minimxim 

0-02 

0-03 

0-015 

0 03 

0-02. 

Average deviation from mean 

0-015 

— 

0-01 

0-02 

O-OL 

No. of exjieriments 

31 

3 

i) 

7 

7 

Duration of firMt acid change (mm.): 

Mean 

9 

5 

10 

18 

5 

Maximum 

21 

9 

15 

30 

9 

Minimum 

•> 

2-5 

( 

2 

2-5 


At room temperature (19*5° ± 1*5°) there was no significant change in , 
greater than the experimental error, within about li hours after the blood 
was shed, but then an acid change took place very slowly, after which the 
Pn ^igain became constant. 

(hi) Efifect of anticoagulants. 

In the course of the experiments already described the blood clotted in 
the electrode. The following anticoagulants were added to the blood, without 
affecting the ‘"first acid change”: 

Heparin 0-02 %, 0-04 % and 0*08 %; sodium fluoride 0*3 %; ammonium 
oxalate 0*045 %; potassium oxalate 0*04 %. 

The substances, dissolved in isotonic saline, were added to the blood in such 
concentration as to give a 10 % dilution of the blood. Control experiments, 
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in which dilution was made with isotonic saline alone, showed no measur¬ 
able change in the initial of the blood or in the ‘'first acid change.” 

Heparin (0-02, 0-04 or 0*08 %) and sodium fluoride (0*06 %) added to 
the blood together do not inhibit the acid change corresponding to the part 
of the curve in Fig, 1 labelled DE, which is inhibited by sodium fluoride 
alone. We have no explanation to offer. 

Data referring to the “first acid change” in the presence of potassium 
oxalate (0-04 %) and sodium fluoride (0‘06 %) are given in Table 1, columns 
3 and 4. It will be noted that the mean latent period is greater than in the 
case of blood alone, and that the mean size of the “first acid change” is less, 
although the difference in dimension is of questionable significance. 

(iv) Effect of 'potassium cyaffide and of thymol. 

Potassium cyanide was added in Af/100 concentration, without affecting 
the shape of the pjj-time curve. The cyanide made the initial pjj more alkaline, 
unless it was previously neutralised. Thymol (M/500) likewise had no effect. 

(v) pjj-iime curves of plasma. 

The latent period of the “first acid change” of venous blood containing 
potassium oxalate (0*04 %) and sodium fluoride (0*06 %) had been found 
to have a mean value of 19 minutes at 28"". In another series of experi¬ 
ments the blood was centrifuged at 28° during this latent period, and the 
plasma was separated and placed in the electrode. In a typical experiment 
centrifuging was carried out between the fourth and eighth minutes, and the 
first Pj^ measurements were made at the tenth minute after the blood was shed. 
The plasma pjj-time curves showed no “first acid change.” Corpuscles with 
adherent plasma showed typical pjy-time curves with a “first acid change.” 
Plasma to which corpuscles were added to give one-quarter of the normal 
number showed curves with a typical “first acid change.” 

(vi) Effect of laking the blood, 

Pjj-time curves on laked blood were made from venous blood containing 
potassium oxalate (0*04 %), sodium fluoride (0-06 %) and saponin (1 %). 
These showed typical “first acid changes.” The same result was obtained 
when laked blood was centrifuged at room temperature, before the experi¬ 
ment, to free the fluid from white cells. 

(vii) Miscellaneous experiments. 

Any possible unexplained electrical effects of the fibrin or of the corpuscles 
settling on to the glass membrane were ruled out as the cause of the “first 
acid change” by reversing the customary arrangement of buffer and blood 
in the electrode. The “first acid change” still occurred when the corpuscles 
dropped away from the membrane. 

Two samples of blood with potassium oxalate and sodium fluoride kept 
at 38° for 0:5 hour, and for 1 hour respectively, before transference to the 
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glass electrode, showed no chang(^ of witli time. Their pj^ agreed with the 
final p^j of another sample of blood which had been placed in the electrode 
as soon as possible after it was shed, and which had undergone a typical 
‘'first acid change'’ in the eh^ctroche Hence in the first two cases the “first 
acid change” may be presumed to have taken place while the blood was still 
in the syringe, and to be quite inde])en(h‘nt of the electrode. Similarly blood 
containiiig heparin and hydroxy(]uinoline potassium sul])hate (as an anti¬ 
septic) showed no cliang(^ of with time alter 2*2-5 hours at 38°. 

Estimations were made of the total carbon dioxide and of the oxygen 
contents of blood before and after tlu‘ hrst acid change". In these experi¬ 
ments a samj)le of blood was drawn into a syimge at 0°, which contained 
potassium oxalate and sorliiim fluoride. One portion was taken immediately 
for analysis. The remaindei was w'armed to 38'" and k(‘pt at that temperature 
for 0*5 hour before an analysis was made. The method of analysis used 
was that of Harington an<l \5in Slyke |1924]. No appreciable difference 
bet\\(‘en the Oo and total CO 2 contents of the two sam]>les c‘ould be detected. 

Samf)les of blood \\ere taken in a similar way for lactic acid estimations. 
These were kindly mad(‘ for us by Dr H. D. Kay by the method of Friedemann, 
Cotonio and Shaffer [ 1927), on the ether extract of a trichloroacetic* acid filtrate 
of th(' blood. No significant difference betw(‘en the results on the two samples 
was obsery(‘d. How(‘yer, it is ]>ossible that the “first acid change" might be 
occasioned in the first sam})le in the course of the proci])itation with trichloro- 
ac(di(* acid, and it is tlnuefore im])ossible to pronounce definitely that the 
acid which (*auses the shilt in hydrogen ion concentration is not huTic acid. 

Di SCUTSSION. 

The results of the exptu’iments described in the piawious section may be 
summarised as iollows. The “first acid change” is not associated with the 
clotting of blood; it is delayed by decrease of temperature; it is not affected 
by substances which inhibit oxidation phenomena (KCN). enzyme action 
(thymol), or glycolysis (NaF). It does not occur in plasma, but does occur 
when the red corpuscle wall is broken down and in the absence of leucocytes. 
No explanation has been found. 

There are references in the literature to changes in accompanying 
clotting. Kugelmass [1922] reported an alkaline change of 0-3 using a 
hydrogen electrode on a solution of diluted oxalated })lasma. Hirsch [1924] 
found an acid change of 0*09 pjj in rabbit’s plasma by a colorimetric method. 
Ross [1921] found no change in the of blood on clotting. Our experiments 
confirm those of Ross, as the pjj-time curves of blood at 38° and 28° were 
unaffected by the addition of anticoagulants, and as in the experiments at 
room temperature the blood clotted in the electrode, while the p^j remained 
constant. 

The existence of this unexplained “first acid change” signifies that p^ 
measurements of blood at 38° made more than about 4 minutes aft/cr the 
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blood is shed will be more acid than when it leaves the blood-vessel, by an 
average of 0*05 p^. This appears to be due to an increase in acidity within 
the red corpuscle, as it occurs in centrifuged laked blood, but not in plasma. 
From the buffer curves of blood of Van Slyke, Hastings, and Neill [1922], it 
can be calculated that an increase in acidity of 0*05 corresponds to an 
addition of 1*2 inillimol of acid per litre of blood. Assuming that this p^ 
change occurs at constant COg content, it must be accompanied by a dis¬ 
turbance of the ratio in the blood. The corresponding changes in 

[HgCOg] and [BHCOg] can be calculated by the Henderson-Hasselbalch equa¬ 
tion. At 38^, assuming 6*17 and constant, the change in [H 2 CO 3 J is 

11 %, in [BHCO 3 ] 5 %. Thus, blood having initial pCO^ of 48 mm., and com¬ 
bined C ()2 of 45-5 vols. %, would have 53 mm. and 43-3 vols. % respectively 
after the ‘‘first acid change.” Thus, delayed determinations of pCOg and ^’C 02 
of blood will misrepresent the amounts at the time of shedding by this amount. 
At 28^, as the COg tension is lower, the difference in PCO 2 comes within the 
experimental error of the methods available, thus thwarting an attempt to 
demonstrate independently the “first acid change” by measuring the CO 2 
tension of blood during the latent period, and after the acid change had taken 
place. A “first acid change” has been also observed m the blood of cats, 
dogs and rabbits. Experiments on the behaviour of blood in pathological 
conditions are in progress. 

Precautions for measurement of p^ of blood. 

There remains to be convsidered the best practical method of measuring 
the Pji of blood as it leaves the blood-vessel. It may be estimated at 38'' 
within 1 or 2 minutes, with care taken to avoid cooling in transference from 
vessel to electrode. This, however, is not always convenient. Secondly, 
potassium oxalate (0-04 %) and sodium fluoride (0-06 %) may be added, the 
determination made less hurriedly and a correction of 0-05 p^ applied for the 
“first acid change.” The average variation from the mean correction in 
normals is only ± 0-015^2’ nevertheless the method is objectionable as 
we have no evidence as to the size of the correction, or as to its variation in 
different physiological conditions, or in pathological states. A third method 
is to measure the pj^ at room temperature, when no acid change occurs up 
to 1 - 5-2 hours after the blood is shed, and to apply a temperature correction. 
We have found the mean pjj of venous blood to be 7*32 at 38°, 7-47 at 28°, 
and 7-60 at 19-5°. These correspond to a change in p^ of 0-015 per degree. 
Martin and Lepper [1926] give 0*011 p^ per degree. A correction of this 
magnitude introduces a considerable degree of uncertainty, especially as 
nothing is known of its variation in different physiological and pathological 
conditions of the blood. A fourth method is as follows. 

The blood is rapidly cooled by drawing into an ice-cold syringe, and is 
kept in the syringe on ice until convenient. (Care must be taken that the 



ACTD CHANGE IN SHED BLOOD 607 

temperature is not very much below 0°, or the bloori will freeze, and lake on 
thawing.) The blood is brought to room temperature immediately before 
transference to an electrode at 38"’, and a pj^-time curve taken. A typical form 
is shown in Fig. 1, curve 3. The first part shows a decrease of pjj with tem¬ 
perature which corresponds to the change in incident to the warming of 
the blood. This is complete in about 4-5 minutes, and is followed by a st^^ady 
PvL Period. The first acid change,” which is apparently delayed by the 
cooling, then follows. The ‘‘plateau” lasts about 5 minutes, and has been 
shown to agree with the pjj of a samph^ of the same Idood measured imme¬ 
diately after it was shed. In one experiment the blood was left for as long 
as 17 hours on ice before measurement. This last method is in our opinion 
the best, when the pjj cnnnot be measured at SS"’ immediately. It does not 
require the introduction ot any eorretdion. and can be done at any convenient 
time subsequent to the puncture. The addition of oxalate and fluoride is not 
essortial. 

Summary. 

1 . An increase in the hydrogen ion concentration of blood has been found 
to take place soon after the blood is shed. 

2 . This change has a mean value of — 0*05 at 38"’ and at 28^ It tak(\s 
place within about G minutes at 38"\ and 11 minutes at 28°. It does not occur 
until after 1*5-2 hours at room temperature. 

3. The change is unaftVcted by sodium fluoride, anticoagulants, potassium 
cyanide or thymol. It takes place in laked blood and centrifuged laked blood 
but not in plasma. 

4 . It is suggested that blood should be cooled to 0° before subsequent 
Pjj measurement at 38°. In this way the acid change can be delayed long 
enough to enable a satisfactory p^^ estimation to be made. 

We wish to thank Prof. J. Barcroft, Prof. Arthur Ellis, and Prof. C. Lovatt 
Evans for much helpful interest and criticism, Miss N. Henderson for assistance 
in the early part of the wnrk, the Medical Research Council and the London 
Hospital Medical College Research Fund for defraying the expenses of the 
research, and the Cambridge Instrument Co. for the loan of instruments. 
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LXX. STUDIES IN CARBOHYDRATE 
METABOLISM. 

VI. THE ANTAGONISTIC ACTION OF PITUITRIN AND 
ADRENALINE UPON CARBOHYDRATE METABOLISM 
WITH SPECIAL REFERENCE TO THE GASEOUS EX¬ 
CHANGE, THE INORGANIC BLOOD-PHOSPHATE AND 

THE BLOOD-SUGAR. 

By CHAKLES GEOBGE LAMBIE and FRA^ICES AGNES REDHEAD. 

From ihe Flimca] Research Laboralortf, Royal lafinnary, a ad the Research 
Laboratory of the Royal College of Physicians, Edinburgh. 

{Received June 17th, 1929.) 

In recent years a considerable amount of attention has been directed to the 
question of the physiological antagonism between pituitrin and insulin, par¬ 
ticularly in relationship to carbohydrate metabolism. 

With the discovery of insulin opportunities were afforded for studying 
more directly the interaction of these hormones, and interest in the subject 
was stimulated afresh by the observations of Burn [1923], who demonstrated 
that pituitrin could inhibit the fall in blood-sugar following administration 
of insulin and bring about recovery from insulin hypoglycaemia in rabbits. 
These results were confirmed by numerous observers [Olmstead and Logan, 
1923; Moehlig and Ainslee, 1925; Lawrence and Hewlett, 1925; Voegtlin, 
Thompson and Dunn, 1925; Geiling and Britton, 1927]. The suggestion put 
forward by Burn that these findings might be explained by a direct and 
specific antagonism between pituitrin and insulin has resulted in attempts 
being made by other workers to look for evidence of this antagonism in other 
directions. Thus Joachimoglu and Metz [1924] have employed the isolated 
uterus, but the evidence of antagonism was not conclusive. Serebrijski and 
Vollmer [1925] and Koref and Mautner [1926] found that when insulin was 
injected simultaneously with pituitrin it did not inhibit the antidiuretic effect 
of the latter, but during insulin hypoglycaemia the antidiuretic action was 
abolished. Given separately both insulin and pituitrin were antidiuretic, 
insulin causing water retention in the tissues, and pituitrin acting directly 
upon the kidneys. The peculiar and variable effect of insulin upon blood 
concentration, producing hydraemia or anhydraemia according to the con¬ 
ditions, is a factor which will have to be taken into consideration in 
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interpreting these results [Drabkin and Edwards, 1924; Levine and Kolars, 
1924-J925; Villa, 1924; Olmstead and Logan, 1923; Haldane, Kay and Smith, 
1924; Olmstead and Taylor, 1924]. 

Ooope and Chamberlain have shown that pitnitrin and insulin are an¬ 
tagonistic as regards certain changes in fat metabolism [Coope, 1925; Coope 
and Chamberlain, 1925J. 

The facts so far accumulated show that certain metabolic processes are 
influenced in opposite directions by insulin and pitnitrin, and to this extent 
they may be said to be mutually antagonistic, but conclusive evidence of a 
direct inactivation of one hormone by the oth^T has not been obtained. The 
changes which occur in fat metabolism and water metal)olisra under insulin 
may merely be seco?idarv results of the action of insulin u{)on the combustion 
and storage of carbohydrate. With regard to carliohydrate metabolism, it 
may be noted that investigations regarding the modification of insulin action 
by pitnitrin have been almost entirely confined to observations upon the 
blood-sugar or upon symyitoms dependent upon changes in blood-sugar con¬ 
centration, and the same ([uestion arises as to whether the fact that the blood- 
sugar concentration is altered in the op}K)site direction by insulin and pitnitrin 
is to be explained by direct inactivation or by the result of some secondary 
effects of the hormone. In this connection it may be mentioned that Lambie 
[1926] and Clark [1928] have found that in the decerebrate cat, with the liver 
excluded from the circulation and constant transfusion of dextrose, pitnitrin 
is unable to prevent the fall in blood-sugar caused by insulin, and this would 
suggest that, in the intact animal, (uther the liver is necessary to effect the 
mutual inactivation of insulin and pitnitrin, or it is merely the source 
of dextrose yielded u]) under the influence of pitnitrin to maintain the blood- 
sugar at or above the normal h^vel in experiments in which the organ is intact. 
In so far, however, as changes in the concentration of the blood-sugar are 
not necessarily a measure of utilisation of sugar in the tissues, it cannot be 
inferred with certainty that even with the liver excluded from the circulation 
pitnitrin is without influence upon carbohydrate metabolism. 

In order, if possil)le, to throw light upon the effect of pitnitrin on the 
metabolism of carbohydrate, it was thought desirable to study the respiratory 
metabolism and the inorganic blood-phosphate after administration of carbo¬ 
hydrate or insulin together with pitnitrin, and the experiments described 
below were undertaken with that object. 

If pitnitrin inactivates insulin, changes of a similar character to those 
met with in diabetes might be looked for. 

Hines, Leese and Boyd [1927], in experiments upon dogs with continuous 
transfusion of dextrose and pitnitrin, came to the conclusion that while 
pitnitrin caused less sugar to be retained than in controls, it was without 
efiect upon the respiratory quotient and heat production: but the conditions 
of these experiments may not have been favourable for obtaining a positive 
result. 
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In view of the alleged capacity of pituitrin to annul the action of insulin 
upon carbohydrate metabolism, it was thought that an opportunity might 
also be aSorded to study the metabolism of dihydroxyacetone under these 
conditions and thus gain further information upon the question as to whether 
this triose can be utilised even when the metabolism of dextrose is inhibited. 

Since adrenaline is another hormone which, like pituitrin, has an action 
opposite to that of insulin, in so far as it can raise the blood-sugar and cause 
recovery from insulin hypoglycaemia, it w^as deemed of interest to carry out 
some experiments in order to determine how the changes in the respiratory 
metabolism compared with those obtained with pituitrin. 

EXPERIMENTAL. 

A. Respiratory exchange, blood sugar, and inorganic 

BLOOD-PHOSPHATE IN THE HUMAN SUBJECT. 

As in previous experiments [Lambie and Redhead, 1927] the subject was 
in the post-absorptive condition. The expired air was collected in G-minute 
samples, using the Douglas bag method, and was analysed by means of the 
Haldane apparatus. The basal metabolic rate and fasting blood-sugar were 
first determined, after which the substance to be investigated was adminis¬ 
tered, and subsequently samples of expired air and blood were taken at 
intervals. The blood-sugar was estimated by the Hagedorn-Jensen method. 
When intravenous administration was employed, the sugar (20 g.) was dis¬ 
solved in 100 cc. of saline and sterilised by filtering through a Seitz germicide 
(EK) filter No. 6 using pads impermeable to organisms. The injection was 
made at a uniform rate and occupied a period of exactly 7 minutes. 

Exp. 1 {a). Respiratory metabolism and blood-sugar curve in normal student after intravenous 
injection of 20 g. of dextrose. 



Metabolic rate 

Oxygen 




Time 

‘■Jy of normal 

consumption 


Expired air 

Blood-sugar 

mins. 

B.M.R. 

1 . per 6 mins. 

K.Q. 

1 . per 6 mins. 

g. per 1(K) cc. 

0 

+ 7 

1-62 

0-99 

57*25 

0-086 

1-7 

Dextrose int^a^'enou8ly 




1-3 

+ 2S 

2-00 

0*87 

52*0 

— 

3-6 

-f 6 

1 72 

0*73 

450 

— 

10 

-f- 4 

1-63 

0-85 

41-25 

0-133 

20 

-fll 

1*73 

0-89 

44-0 

0-108 

30 

+ 17 

1*86 

0'81 

45'0 

0*100 

40 

+ 8 

1*72 

0*82 

44-75 

0-087 

. 1 dd. 

Same as preceding+0-75 cc. of pituitrin* administered subcutaneously while dex- 

trose transfusion was proceeding. (Dextrose dissolved in 200 cc. saline.) 


Time 

Metabolic rate 

Oxygen 




% of normal 

consumption 


Expired air 

Blood-sugar 

mins. 

B.M.R. 

1 . per 6 mins. 

R.Q. 

1 . per 6 mins. 

g. {>er 10(3 cc. 

0 

+ 3 

1*56 

0*88 

76 

0-079 

1-7 

Dextrose intravenously + pituitrin subcutaneously 


10 

+ 17 

1*81 

0*79 

71 

0-166 

25 

+ 4 

1*56 

0*9i 

71 

0-146 

40 

+ 7 

1*62 

0*90 

70-71 

0-139 

50 

+ 18 

1*80 

0*87 

77*65 

0*070 

80 

+ 15 

1*72 

0*95 

77*5 

0*097 

120 

+ 17 

1*87 

0*67 

71-5 

0*106 


The pituitrin used was that manufactured by Parke Davis and Co. 



611 


CAIIBOHYDIUTE METABOLISM 


Exp. 2 (n). Respiratory 

metabolism in 

diabt‘tic patient 

on low diet, after intravenous injection 

of 20 of dextrose. 






Metabolic rate 

Oxygen 



Time 

of normal 

consumption 


Expired air 

mins. 

R.M.R. 

1. per G mins. 

R.Q. 

1. per G mins. 

0 

- 0 

1 27 

0-72 

36-6G 

1-7 

I)(*xtro.se 

intravemuisly 



10 

- G 

1-30 

0-84 

42-0 

20 

„ 4 

1-27 

l-OO 

52-5 

:io 

7 

1 14 

0-82 

42-5 

40 

-24 

I (19 

0-72 

37-0 

r)() 

-20 

Ml 

0-72 

42-0 

Exp. 2 (/>). Same as preceding-! 1 ce. pituitrin ;niiniiiisfererl subcutaneously at end of dextrose 

injection. 






^Metabolic rati 

Oxyg(‘n 



Time 

of normal 

consumption 


Expired air 

mins. 

R M.R. 

1. per G mins. 

R.Q. 

1. per (i mins. 

0 

4 

1-49 

0 G7 

38-5 

1-7 

1 )('xtr()se 

intrn\ enouslv 4 

])ituitrin subcutaneously 

10 

. G 

1-53 

0-64 

38-0 

20 

7 

1-5G 

0()5 

38-5 

:io 

-T 7 

It) 

0-G5 

.39-0 

4tl 

- IG 

M8 

0-75 

37-0 

70 

11 

1-25 

0-74 

.38-0 

Exp. 3 (a). Re‘']>iratory 

uu'tabolism in normal mal(‘ 

after iuTravenous iujeetion of 20 g. of 

dihydroxvacidone. 
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B.M.R. 
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H.Q. 

1. per G mills, 

0 

- 7 

l-,59 

0-83 

29-35 

17 

Dihvdroxvacetone intra\ enouslv 


1-3 

if) 

ItM 

0-87 

42-0 

3-0 

! 50 

2-51 

0-92 

Gl-5 

10 

^ 49 

2-.54 

0-SG 

57-0 

20 

t 3G 

2-35 

ihHl 

51-0 

30 

^ 12 

1 <>1 

0-S4 

47-0 

40 

7 

1-85 

o-so 

4G-5 

00 

3 

istt 

0-7G 

40-25 

Ex]). 3 {h). Same as prec 

cding 1 ce. pituitrin. 




Mf'tabolic rate 

Oxygen 



Time 

of normal 

consumpt ion 


Expired air 

mins. 

B.M.R. 

1. ])er G mins. 

R.Q. 

1. pi-r G mins. 

0 

4- 5 

184 

0-77 

40-2 

1-7 

Dihvdroxyaeetone intravenously + ]>ituitrin Hubiui^aneously 

1-3 

-^10 

1-91 

0-78 

40-5 

3-0 

4 32 

2-25 

0-8t) 

50-1 

10 

4 17 

1-97 

0-89 

52-25 

20 

- 15 

J<)9 

0-81 

40-5 

30 

4- 35 

2-40 

0-71 

48-0 

40 

+ 16 

T98 

0'84 

54-5 

70 

+ 19 

2-01 

0-89 

52-(» 

l(K) 

+ 8 

1-88 

07G 

38-75 

Exp. 4: (a). Respiratory 

metabolism. 

blood-sugar and inorganic 

blood-phos})bate in normal 

male after injection of 15 units of insulin subcutaneously. 


Metabolic 




Inorganic 

rate 

Oxygen 


Expired 

Blood- blood- 

"o of 

consumption 


air 

sugar phosphate 

Time normal 

1. per 


1. per 

g. per mg. per 

mins. B.M.R. 

6 mins. 

R.Q. 

6 mins. 

100 ec. 100 ec. 

0 -10 

1-34 

0-8G 

38*5 

0-100 3-428 

Insulin 15 units subcutaneously 




15 -18 

1-20 

0-92 

370 

0-095 3-387 

30 - 2 

1-45 

0*87 

430 

0-085 3-170 

45 -11 

1-40 

0*85 

39-25 

0-079 2-928 

60 - 9 

1-35 

0*88 

38 5 

0-079 2-901 
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Exp. 4(6). Respiratory metabolism in normal male after subcutaneous injection of 1 cc. of 


pitui trill. 





Metabolic 




Inorganic 

rate 

Oxygen 


Expired 

Blood- blood- 

of 

consumption 


air 

sugar phosphate 

Time normal 

1. p(‘r 


1. per 

g. per mg. per 

mins. B.M.R. 

6 mins. 

R.Q. 

6 mins. 

100 cc. 100 oc. 

0 - 20 

P20 

0*72 

36 

0*099 3*377 

Pituitrin subeutaneouslv 




10 -12 

1*29 

0*94 

44 

0*107 3*172 

20 -10 

1-34 

0*85 

42 

0 112 2*906 

40 -13 

1-32 

0*78 

39*5 

0*113 2*777 

50 -1.5 

1-31 

0*79 

37 

0*107 2*777 

Exp. 5 (a). Respiratory metabolism in 

normal male after subcutaneous injection of 10 units 

of insulin. 






Metabolic rate 

()xygen 



Time 

^5) of normal 

consumption 


Expired air 

mins. 

B.M.R. 

1. per 6 mins. 

R.Q. 

1. 6 mins. 

0 

- 3 

1*24 

0*95 

37*2 

Insulin subcutaneously 




10 

+ 31 

1-76 

0*73 

38*2 

20 

f 20 

1*62 

0*72 

38*2 

30 

f 19 

1*58 

0*80 

36*0 

40 

+ 17 

1*58 

0*72 

34*7 

50 

+ 7 

1*36 

0-78 

30*5 

KO 

4 124 

2*41 

0*71 

56-9* 


* Symptoms of hypoglycaemia. 


Exp. 5 (6). Same subject as preceding (5 «). Respiratory metabolism after subcutaneous injection 

of 1 oc. of pituitrin. 






Metabolic rate 

Oxygen 



Time 

of normal 

consumption 


E\])ired air 

mins. 

B.M.R. 

1. per 6 mins. 

R.Q. 

1. per 6 mins. 

0 

- 10 

1*21 

0*71 

25*1 

Pituitrin 

subeutaneouslv (injection painful) 


10 

- 6 

1 27 

0*72 

26 I 

20 

- 19 

1*06 

0*81 

25*0 

30 

-19 

1*09 

0*74 

25* 1 

40 

-12 

M7 

0*77 

25*2 

70 

-13 

1*16 

0*76 

26*7 

Exp. 5 (c). Same subject as in two preceding experiments (5 a and 

5 6). Respiratory metab(jlism 

after simultaneous injection of insulin (10 units) and pituitrin ( 

1 ec.) subcutaneously. 


Metabolic rate 

Oxygen 



Time 

of normal 

consumption 


Expire<i air 

mins. 

B.M.R. 

1. per 6 mins. 

R.Q. 

1. per 6 mills. 

0 

- 2 

1*33 

0*72 

38*5 

Insulin and pituitrin subcutaneously 



10 

- 5 

1*28 

0*74 

38*5 

20 

~ 2 

1*35 

0*70 

39*5 

30 

+ 17 

1*58 

0*71 

40*0 

40 

+ 1 

1*31 

0*89 

42*5 

70 

- 9 

1*21 

0*77 

37*8 

Exp. 0 (a). Respiratory 

metabolism in 

normal male after subcutaneous injection of 15 units 

of insulin. 





Metabolic 




Inorganic 

rate 

Oxygen 


Expirefl 

Blood- blood- 


consumption 


air 

sugar phosphate 

Time normal 

1. per 


1. per 

g. per mg. per 

mins. B.M.R. 

6 mins. 

R.Q. 

6 mins. 

100 ce. 1(K) ce. 

0 -3 

P41 

0*73 

34*75 

0-104 2*906 

Insulin 15 units subcutaneously 




10 -6 

1*36 

0*72 

31*72 

0*104 2*777 

20 + 5 

P5l 

0*74 

36*5 

0*074 2*765 

30 -2 

P41 

0*77 

37*6 

0*066 2-J687 

40 - 1 

1-42 

0*73 

38*5 

— 2-705 
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ISxp. 6 {h). 

Same subject 

as precc'ding (6 a). Respiratory metabolism 

in normal male after 1 cc. 

pitiiitrin subcutaneously. 







Metabolic rate 

Oxygen 





Tiiiu' 

of normal i 

amsumption 


Expired 

air 


mins. 

B.M.R. 1 

. per 6 mins. 

R.Q. 

1. per 6 mins. 


0 

-~3 

1-32 

0-81 

.34-5 



ibtuitrin i 

■:;u)>cutaneouslv 






IT) 

- 5 

1-27 

0-77 

35*0 



25 

+ 5 

P386 

0-86 

36-0 



Ho 

A 1 

1-380 

0-73 

34-5 


Exjl 6 (r). 

Same subjec 

4- as preceding expi'riments (6 a and 6 h). 

Respiratory 

metabolism, 

blood-suL^ar and inoi 

'ganic blood-pliospbal'' m normal mide after 

.subcutaneous inj(‘C‘tioii of 

insulin 

. I.") units, followed 7 mins, later t)y pituitrin 

1 '-c. 




Metabolic 





Inorgaiiie 


rate 

jfen 


Expired 

Blood- 

blood- 



eourtumption 


air 

snga r 

phosphate 

Time 

normal 

1. per 


1. per 

g per 

mg. })er 

mins. 

B.M.R. 

6 mins. 

R.g. 

6 mins. 

100 cc. 

100 ec. 

0 

r 0 

1 61 

0-7-4 

4 0-75 

0-111 

2-928 

Insulin subcutant'<msly 





6 

+ 11 

17 

0-79 

42-25 

O-lll 

2-875 

7 

Pituitrin 

rtub( inaneously 





22 

f 4 

1-5 

0 96 

46-25 

0-100 

2-823 

:i() 

r 1 1 

1-66 

085 

45-5 

0-104 

2-703 

.70 

- 11 

1-25 

M 

43-5 

0-111 

— 

05 

- IS 

J-42 

1-0 

40-75 

0-111 

2-652 

E vp, 0 (f/). 

Same as preci' 

ding but pituitrin 

given 25 mins, after insulin. 

, Respiratory 

metab(>lism. 



Metabolic rate 

( )x\ogen 





'rime 

of normal consumption 


Expired 

air 


mins. 

B.M.R. 1 

. per 6 mins. 

R.Q. 

1. per 6 mins. 


0 

- 16 

M9 

0-81 

29-5 



1 nsulin subcutaneously 






10 

j.t 

1-26 

0-78 

28-5 



25 

Pituitrin subcutaneously 





35 

- 13 

1-21 

0-86 

33 



45 

5 

1 32 

0-86 

39-5 



55 

9 

I 27 

0-85 

34 



65 

- 11 

1-25 

0-84 

32 


E.rp. 0 (c). 

Respiratory metabolism, blood 

-sugar and inorganic blood-phosphate in 

normal male 

(different subject from precedinn;) after insulin. 

15 units, followed 62 mins, later by 

pituitrin 1 cc. 







Metabolic 





Inorganic 


rate 

Oxygen 


p]xpired 

Blood- 

blood- 


"() of 

consumption 


air 

sugar 

phosphate 

Time 

normal 

1. per 


1. ])er 

g. per 

mg. per 

mins. 

B.M.R. 

6 mins. 

R.Q. 

6 mins. 

JOO ee. 

100 ee. 

0 

+ 11 

1-76 

0-76 

31 

0-100 

3-515 

Insulin subcutaneously 





HO 

+ 30 

2-06 

0-78 

37-5 

0-082 

2-928 

60 

+ 24 

117 

0-76 

36 

0-076 

2-510 

62 

Pituitrin subcutaneously 





64 

+ 30 

201 

0-86 

42-35 

0-076 

2-130 

74 

+ 32 

2-07 

0-80 

4:i-2.5 

0-079 

2-162 

84 

+ 18 

1-85 

0*81 

36-2 

0-082 

2-381 

94 

+ 26 

2-01 

0-75 

37-52 

0-086 

2-343 

104 

+ 11 

1-75 

0-77 

33-75 

0-086 

2-421 
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Exp. 7 {a). Respiratory metabolism, blood-sugar and inorganic blood-phosphate in normal 
subject after subcutaneous injection of 0-75 cc. of adrenaline (1 in 1000). 



Metabolic 




Inorganic 


rate 

Oxygen 


Expired 

Blood- blood- 


''o of 

consumption 


air 

sugar phosphate 

Time 

normal 

1, per 


1. per 

g, per mg, per 

mins. 

B.M.R. 

6 mins. 

R.Q. 

6 mins. 

100 cc. 100 cc. 

0 

-+ 8 

1-99 

0-81 

40-5 

0-091 3-652 

Adrenaline subcutaneously 




10 

+ 35 

2-41 

0-94 

57-0 

0-117 3-255 

20 

+ 40 

2-59 

0-80 

54-25 

0-133 3-181 

30 

4- 45 

2-69 

0-78 

53-0 

0-133 3-232 

40 

_ 7 

1-69 

0-93 

41-25 

0-25 3-308 

Exp. 7 {h). 

Respiratory metabolism in 

normal male 

after 0-75 cc. 

of adrenaline (1 in 1000) 

subcutaneously. 







Metabolic rate 

Oxygen 




Time 

% of normal 

consumption 


Expired air 


mins. 

B.M.R. 

1. per 6 mins. 

R.Q. 

1. per 6 mins. 


0 

-13 

1-39 

0-76 

42 


Adrenaline subcutaneoual 

V 




10 

8 

1 -62 

0-84 

53-7 


20 

+ 8 

1-6 

0-82 

50-25 


30 

- 5 

1-5 

0-76 

47 


40 

- 8 

1-34 

0-86 

49 


50 

- 9 

1-39 

0-75 

43 

Exp. 7 (c). 

Same as 7 (6), Dextrose 20 

g. injected intravenously and adrenaline 0-75 ce. sub- 

cutaneously. 







Metabolic rate 

Oxygen 




Time 

“o of normal 

consumption 


Expired air 


mins. 

B.M.R. 

1. per 6 mins. 

R.Q. 

1. per 6 mins. 


0 

~27 

1-3 

0-72 

38 


Dextrose intravenously; adrenaline subcutaneously 



Iff 

4 42 

2-15 

0-82 

72 


20 

4- 7 

1-63 

0-78 

54 


30 

-- 4 

1-46 

0-80 

48 


40 

- 18 

1-25 

0-76 

38 


50 

-16 

1-28 

0-78 

40 

Exp, 8. Respiratory metabolism, blood-sugar and inorganic blood-phosphat/C in a patient 

suffering from exophthalmic goitre, after oral administration of 50 g. of dextrose. 


Metabolic 




Inorganic 


rate 

Oxygen 


Expired 

Blood- blood- 


of 

consumption 


air 

sugar phosphate 

Time 

normal 

1. per 


1. per 

g. per mg. per 

mins. 

B.M.R. 

6 mins. 

R.Q. 

6 mins. 

100 cc. 100 cc. 

0 

+ 52 

1-58 

0-85 

46-75 

0-075 3-947 

Dextrose orally 





30 

+ 102 

217 

0-81 

51-25 

0-145 3-448 

60 

+ 48 

1-88 

0-71 

58*0 

0-205 3-355 

90 

+ 52 

1-86 

0’85 

54-5 

0-162 3-488 

120 

+ 37 

1-71 

0-78 

57-5 

— 



B. Animal experiments. 


Exp. 1. Rabbit 2340 g. 

Effect of pituitrin alone on blood-sugar and inorganic blood-phosphate. 


Time 

Blood-sugar 

Inorganic blood-phosphate 


mins. 


. per 100 cc. 

mg. 

};>er 100 cc. 


0 


0-124 


3-472 


Pituitrin 0-5 co, intravenouslv 
15 0159 

35 0124 


3*874 

3-204 
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Exp. ; 


{a), Kabbit 2950 jr. Effect of dihydroxyaceloTie alone. 

Time Blood-siijj[ar Tnorcanic blood-phosphate 

mins. g. perlOOcc. mg. per ]00 cc. 

0 0145 4-IBB 

Dihydroxxacetone 2-5 g. intravenouslv 
15 ■ ‘ 0-2SS *' ;b424 

:jo 0-247 :moo 

45 0-2:i() 2-976 

Kx}). 2 {})). Same animal as Exp. 2 (a). Effect of pituitrin and dibydroxyacetone together. 

Tim(.‘ Blood-sugar inorganic blood-phosphate 

mins. g. perlOOcc. mg. yu'r 100 cc. 

0 0-111 2-702 

Pituitrin 0-5 cc. + dihydro> vmetone 2-5 g. intravenously. 


15 

:io 

45 


0-255 

(j-2:iH 

0-217 


:m2o 

9-020 

2-690 


Edb-t t of dextrose alone. 

Blood-sugai 
g. per pH) ec. 
0-97 

int ravi-nou.sly 
0-186 
0-115 
0 084 


Inorganic blood-phosphate 
mg. per PM) cc. 

9-900 

9-676 

9-472 

9-978 


Exp. 9 {(t). Rabbit 2.“>0t) • 

Time 
mins. 

0 

l)e\‘t rose 2-5 < 

15 
90 
45 

Exp. 9 (5). Same animal. Effect of dextro.se and ])ituitriii toget})(T. 

Time Blood-sugar Inorganic- blood-phosphate 

mins. g. jierlOOcc. mg. per PM) cc. 

0 0-1.92 9-570 

Ihtuitrin 0-5 cc. 4 dextr(>se 2-5 g. intravcuiously 
15 0-902 ‘ 9-56 

90 0-164 9-444 

Exp. 4 (u). Rabbit 19t)0g. Effect of diliydroxyacetone and pituitrin togc-ther, using smaller 
dose of [)it.uitrin than in preceding experiments 

Time Blood-.sugar Inorganic blood-phosphate 

mins. g. per 100 c(-. mg. ])er 100 cc. 

0 0-119 9-987 

Pituitrin 0-1 cc. 4 diliydroxyacetone l -99g. intravenously 
20 ' 0-294 2-876 

45 0 168 2-769 


Exp. 4 (h) 


Same animal as Exyn .9 (n). Effect of dextrose and pituitrin together in similar doses. 
Time Blood-su<gar Inorganic- blood-phosjihate 


rnms. 

0 


g. per loo ee. 
0-120 


mg. per 100 ee. 
9-402 


Pituitrin 0-1 ec. t dextrose l -99g. intravenously 
20 0 175 9-795 

45 0-121 9-206 

E.rp. 5 (a). Rabbit 30(K) g. Effect of diliydroxyacetone and pituitrin together. 

Time Blood-sugar Inorganic blood-phosphate 

mins. g. per PX) ee. mg. per 100 ec. 

0 0-125 9-786 

Rituitrin 0-1 cc. -f dihydrnxvaeetone 2*5 g. intravenously 
15 ’ 0-264 9-2()4 

90 0-187 9-110 

Ex.p» 5 (?>), Same animal. Effect of dextrose and pituitrin together in similar doses. 

Time Blood-sugar Inorganic blood-phosphate 

mins. g. per 100 cc. mg. per 100 ee. 

0 0-115 3-2110 

Pituitrin 0-1 cc. -f dextrose 2-5 g. intravenouslv 
15 0-285 ^ 3-7668 

30 0-135 9-1865 
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Discussion. 

The above experiments appear to show that pitiiitrin has a marked 
inhibitory action upon the metabolism of carbohydrates. Thus Exp. 1 (a) 
shows the typical changes which occur in the respiratory metabolism and 
blood-sugar in the healthy individual following the administration of 20 g. 
of dextrose intravenously. There is first a gradual rise in th(' heat production 
and oxygen consumption, the r.q. and the respiratory volume, maximal 
values being attained in approximately 20-30 minutes. (The high initial 
R.Q. in this experiment may have been due 1o overbreathing.) The blood- 
sugar following the injection falls rapidly, reaching the base line in 30-40 
minutes. When the same amount of dextrose was administered to this indi¬ 
vidual along with pituitrin, injected subcutaneously, there was little if any 
rise in the heat production, oxygen consumption, r.q. or respiratory volume 
by the time these would have becJi at their height in the control. In fact, 
save for an initial increase in the metabolic rate and oxygen consumption, 
for which changes in blood flow resulting from the injeidion of fluid may have 
been responsible, there was remarkably little alteration m the metaliolism 
for the first 30 or 40 minutes. After this, however, coinciding with the 
passing ofi of the vaso-constrictioii, as evidenced by diminution in the pallor 
of the skin, there was a rise in all these values with the exceyition of the 
R.Q. which fell a little when the heat production and oxygen (consumption 
were at a maximum. The r.q, rose to its highest at a later ]>enod. It is 
interesting to note that the blood-sugar fell very slowly during the period 
when the respiratory metabolism showed little change, being still well above 
the base line at the end of 40 minutes. After this, hovTver, it fell while Ihe 
metabolism rose. 

In Exp. 2, which was performed upon a diabetic patient on a low diet, 
the changes are less striking but are of a similar character. The r.q., which 
was remarkably low, here attained its maximum after all the other values 
had fallen. 

The effect of pituitrin upon the changes in respiratory metabolism which 
follow the intravenous administration of dihydroxyacetone is equally striking. 
In spite of the administration of a dose of pituitrin sufficient almost com¬ 
pletely to annul the rise in metabolism due to dextrose during the first 
20 minutes of the experiment, there was still a considerable rise in the 
metabolism during this period; in fact the actual rise was even greater than 
that obtained with dextrose alone. Nevertheless, the rise in metabolism was 
not nearly as great as wdth dihydroxyacetone alone, the percentage inhibition 
due to pituitrin being just as great as in the case of dextrose. In addition to 
the inhibition of the metabolism, however, the form of the curves for heat 
production and oxygen consumption were entirely altered, resembling in 
certain respects those obtained with dextrose alone. Thus, whereas dihydroxy¬ 
acetone alone caused an immediate rise in metabolism with maximal values 
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soon after the completion of the injection, followed by a rapid fall to almost 
normal at the end of 30 -40 minutes, pitiiitrin given along with dihydroxy- 
acetone inhibited the initial acceleration in metabolism (see 10 minutes’ 
sample), there being instead a gradual rise reaching a maximum in 30 minutes. 
The ii.Q., however, varied inversely with the oxygen consumption and heat 
production during this period. A slight secondary rise in the metabolic rate, 
oxygen consumption, k.q. and respiratory volume was observed at the end 
of 70 minutes. 

In the ex])eriments in which insulin and pituitrin were injected together, 
the results were not jiearly so clear eut as when pituitrin was given along 
with carbohydrate, owing to the changes in rK''])iratory metabolism produced 
by either hormone during the first 30-40 minutes after their administration 
l)eing so slight as to be et doubtful significance. McKinlay [1921], Bowman 
and Grahfield [1926] and Castex and Schtcingart 11926] report a rise in 
meta]>olism of about 10 occurring 20-30 minutes after the administration 
ol pituitrin alone; but our results are not so uniform. Thus, in Exp. 4 (b) 
there was a slight rise in tlie heat production, oxygen cojisumption and R.Q.; 
in Exp. 6 (b) there was a preliminary fall during the first 15 minutes, followed 
by a rise, while in Exp. 5 (b) there was a more prolonged fall in the heat pro¬ 
duction and oxygen consumption, but not in the r.q. The slight rise in 
metabolism ol)tained in the 10 minutes' sample in this experiment may have 
been occasioned by the pain of the injection. 

These irregular results may be due to pituitrin on the one hand stimulating 
int(‘stinal ])eristalsis, which would tend to increase the oxygen consumption, 
and on th(‘ other hand depressing the metabolism in other tissues. The effect 
upon the respiratory metabolism would depend u])on the time relationship 
and relative potency of these two factors. In both Exps. 5 (a) and 6, (c) in 
Avhich insulin and ])ituitriu were injected either simultaneously or within a 
comparatively short interval of one another, pituitrin seemed to inhibit the 
rise in metabolism or cause a fall at the time of the corresponding observations 
in the control with insulin alone. Since, hoAvever, pituitrin by itself caused 
a fall in metabolism at these times in this particular series of experiments, 
the effect of the administration of the two hormones together was apparently 
such as might have resulted from a combination of their independent actions. 

When pituitrin was injected at a longer interval (half an hour to an hour) 
after insulin (Exps. 6 (d) and 6 (e)) a slight rise in the heat production and 
R.Q. was observed. This may possibly be connected with the liberation of 
glucose from the liver or with the contractions of the stomach and intestine 
which are more readily excited in hypoglycaemia. (Hunger pains are common 
during hypoglycaemia.) 

Our findings regarding the effect of pituitrin upon the blood-sugar are in 
agreement with those of other observers, namely, a delay in the disappearance 
of injected dextrose from the blood [Hines, Leese and Boyd, 1927; x4chard, 
Ribot and Binet, 1919], inhibition of hypoglycaemia or a return of the blood- 
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sugar towards the normal level in hypoglycaemic animals after insulin [cf. 
Burn, 1923; Olmstead and Logan, 1923; Moehlig and Ainslee, 1925; Lawrence 
and Hewlett, 1925; Geiling and Britton, 1927], while injection of pituitrin 
alone caused a transient but inconstant rise in the blood-sugar during the 
first 30 minutes after its administration [cf. Borchardt, 1908; Goetsch, 
Cushing and Jackson, 1911; Barton and Katz-Klein, 1921; Lindlau, 1928; 
Blotner and Fitz, 1928]. 

With regard to phosphate metabolism, pituitrin alone in the doses em¬ 
ployed in the human subject caused a slight fall in the percentage of inorganic 
phosphate in the blood, but given in relatively large doses to rabbits, it caused 
a marked but transient rise. When administered to either human beings or 
rabbits with hypoglycaemia and a low inorganic blood-phosphate resulting 
from insulin administration, it caused the percentage of inorganic blood-phos¬ 
phate to rise. Similar results were obtained with adrenaline as with pituitrin. 

The results so far reviewed, taken as a whole, might at first sight seem to 
bear out the contention that pituitrin inactivates insulin, thereby bringing 
about, temporarily, a state of affairs analogous to that obtaining in diabetes. 
Hyperglycaemia, delayed disappearance from the blood of injected carbo¬ 
hydrate, diminished response in respiratory metabolism following adminis¬ 
tration of carbohydrate and an increased percentage in inorganic blood- 
phosphate, all of which may follow the injection of suitalde doses of pituitrin, 
are also features characteristic of the diabetic condition. Taken in conjunction 
with the observation that pituitrin seems to inhibit any slight rise in meta¬ 
bolism following administration of insulin, the evidence in support of a direct 
antagonism w^ould at first sight appear to be strong and to have the advantage 
of economy of hypothesis. Nevertheless, in certain respects this explanation 
does not appear to be wholly satisfactory. Thus, pituitrin, except in the large 
doses employed in rabbits, did not, when given alone, cause any rise in the 
inorganic blood-phosphate, but rather a slight fall; moreover, in spite of being 
given in doses sufficient completely to prevent the fall in blood-sugar following 
insulin administration in the human subject, it did not prevent the inorganic 
blood-phosphate from falling (Exp. 6 (c)), and, although the fall may have 
been temporarily checked, the blood-sugar remained at the normal level while 
the level of inorganic blood-phosphate continued to decline. 

Again, pituitrin caused no definite fall in the respiratory quotient, but 
more often a rise. 

Further, in the experiment with dihydroxyacetone and pituitrin (Exp. 
3 (6)), the curves of metabolism fail to reproduce the features of those ob¬ 
tained in diabetes. In the latter [cf. Lambie and Redhead, 1927] the heat 
production, oxygen consumption and r.q. attained their maxima together 
soon after the injection, whereas in the experiment referred to the heat pro¬ 
duction and oxygen consumption gradually rose, reaching their height at 
the end of 30 minutes, while the respiratory quotient was at its highest in 
10 minutes and declined pari passu with the rise in the metabolic rate. 



CARBOHYDRATE METAIWLISM 


619 


In view of these differences between the effects of deficiency of insulin 
and the alleged inactivation of insulin by pituitrin, it is necessary to consider 
other possible explanations of the phenomena. Krogh [1922] has shown that 
pituitrin not only constricts the arterioles, but markedly increases the con¬ 
tra ctiie tonus of capillaries, the effect of which would be to diminish the 
capillary bed. This would lead to a decreased rate of diffusion of injected 
material out of the blood into the tissues in which it was to be metabolised 
and in this way it may be possible to explain the delay in the I’ise in metabolism 
with dihydroxyacetone or dextrose, and the delay in tln^ disappearance of 
sugar from the blood after intravenous injection. The occasional sudden rise 
in metabolism during and immediatt‘ly after iniravimous injection may have 
been the result of a temporary increas(‘ of blood flow due to the volume of 
fluid injected, especially since the fluid was hypertonic. The experiments 
of Hines, J^eese and Boyd [ 1927] did not show any definite change in the heat 
production or r.q. as a r(\sult of injecting pituitrin during (continuous trans¬ 
fusion of dextrose, but this may have been due partly to the very large 
quantity of dextrose injected and to the fact that there was a continuous 
transfusion ot fluid into tin' circulation. Their results are therefore not in¬ 
consistent with our own, but are due to the different conditions of the 
ex])eriments. 

T1h‘ dejiression in nudabolism sometimes observed following injection of 
pituitrin alone may again be due to diminished blood flow through the muscles, 
whih' the subsequent rise may jierhaps be related to the contraction of non- 
striped muscle, particularly that of the intestine (borborygmi being frequently 
audible) and to increas(‘d work of the heart. 

The rise in inorganic blood-phosphate noted after injeidion of large doses 
of pituitrin might also be explainable as a result of local asphyxia in the 
muscle cells, while incr('ase in the blood-sugar may perhaps be related to 
changes in the portal circulation [cf. Clark, 1928]. 

It appears reasonable to expect that drugs, which, like pituitrin and 
adrenaline, alter the blood flow through organs, particularly those which, 
like muscle, are important seats of heat production, should be capable ol 
modifying metabolism, and, if at the same time they cause change in the 
tonus of muscle or the work of the heart, further complications are to be 
anticipated. The metabolic changes which result from the administration of 
adrenaline should therefore be considered in this light also, but further ex¬ 
periment is necessary before definite conclusions can be drawn. Krogh [19221 
points out that adrenaline differs from pituitrin in having a more powerful 
action on the arterioles than upon the capillaries, but all arterioles in the body 
are not equally affected. Hoskins, Gunning and Berry [1916] and Gunning 
[1917] have brought forward evidence to show that adrenaline in small doses 
causes blood to be diverted from the splanchnic area and skin while the blood 
flow through the voluntary muscles and myocardium is increased. This, 
together with the increased work of the heart, may be responsible for the 
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marked and sudden rise in metabolism following the administration of adrena¬ 
line alone, but it remains an open question as to how the metabolic processes 
in and the blood flow through the muscles are causally related. 

Our experiments do not support the view that the rise in metabolism is 
to be ascribed to the hyperglycaemia. In the first place, the rise in metabolism 
following injection of adrenaline is very great even with a slight hypergly¬ 
caemia, whereas with a much greater hyperglycaemia produced by intra¬ 
venous injection of dextrose there was less increase in the metabolism [cf. 
Boothby and Sandiford, 1921]. The time relationship between hyperglycaemia 
and the change in respiratory metabolism is also quite different in the two 
cases. Moreover, the rise in metabolism which occurs after injecting adrenaline 
is much more rapid than after intravenous injection of dextrose. Thus, 
10 minutes after administration of adrenaline in Exps. 7 (u) and 7 {h) there 
was a 20 % rise in the metabolism at a time when the blood-sugar had risen 
(cf. Exp. 7 (a)) only slightly above the fasting level, whereas 10 minutes after 
injection of 20 g. of dextrose intravenously (Exp. 1 (a)) there was practically 
no increase in respiratory metabolism although there was a definite hyper¬ 
glycaemia. It may be suggested as a possible explanation of these results 
that the dextrose liberated by the liver is more immediately available for 
combustion than ordinary dextrose, but apart from the lack of evidence to 
support this view, there is the observation that in Exp. 7 (a) with adrenaline 
the blood-sugar continued to rise even when the metabolic rate was falling. 
There appears, therefore, to be no high degree of correlation between hyper¬ 
glycaemia and heightened metabolism after administration of adrenaline. 

As to the method by which adrenaline causes hyperglycaemia, stimulation 
of the endings of the splanchnic nerves in the liver, changes in the portal 
circulation [cf. Clark, 1928], and perhaps the breaking down of muscle- 
glycogen, may all play a part; but there is no need to assume a direct 
antagonism to insulin. 

The influence of adrenaline upon phosphorus metabolism has been investi¬ 
gated by Allan, Dickson and Markowitz [1924] and the results obtained were 
similar to those produced by insulin, indicating that, as in the case of pituitrin, 
there was no antagonism between the two in this respect. 

The effect of simultaneous injection of adrenaline and insulin upon the 
respiratory metabolism is such as would be expected to result from the 
combined effect of each separately. Thus, in Exp. 7 (6), the percentage rise 
in calorie consumption 20 and 30 minutes after adrenaline alone was 21 % 
and 8 % respectively. In most experiments with 20 g. of dextrose alone, 
intravenously, the percentage rise at these periods is 5 % and 10 % respec¬ 
tively. The combined effects of dextrose and adrenaline would therefore give 
-f 26 % and 4- 18 %. In Exp. 7 (c) with both adrenaline and dextrose tOr 
gether the actual figures obtained were -f 34 % and + 23 %; there is, 
therefore, no indication of antagonism here. 

As in the case of adrenaline, no evidence could be obtained of any 
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inhibitory effect of excessive thyroid activity upon the metabolism of dextrose, 
but rather the reverse. Thus, in Exp. 8 the metabolic rate rose to over 100 % 
30 minutes after the administration of 50 g. of dextrose by the mouth to a 
patient with exophthalmic goitre. 

The facts so far brought forward, tlierefore, afford no definite proof of 
there being a direct inactivation of one hormone by the other, and, until the 
changes in the circulation can he ex(‘luded as the caust' of the apjiarent 
antagonism, it appears unnecessary to avssume that anv more direct and 
specific action is involved. It is true that in certain forms ol pituitary disi^ase 
(acromegaly) there is often diminished sugar tolerance, or even a condition 
indistinguishalile from true diabet(‘s, togeth^'r with marked resistance to 
insulin [Ulrich, 1928], but no obvious disturbance of the circulation is present 
in such cases. The assumption that the low carbohy<Irate tolerance is due to 
excessive activity of th(^ posterior lob<‘ of the jiituitary body is, however, 
unwarranted, since the glycosuria occurs in connection with a definite type 
of tumour of the anterior lobe, namely, the eosinophil adenoma, and not with 
other tumours, although the latter are more numerous [cf. Davidoff and 
Cushing, 1927]. Although nothing is at present known regarding the effect 
of repeated small doses of pituitrin administered over a long period, the fact 
that the apparent inhibition of carbohydrate metabolism has so far only 
been obtained with doses sufficiently large to cause obvious circulatory dis¬ 
turbances {e.g. blanching in man), makes the resemblance to the clinical 
pituitary glycosuria incomplete. Since it has ])een impossible to settle the 
question of the nature of the antagonism between pituitrin and insulin the 
significance to be attached to the peculiar behaviour of dihydroxyacetone in 
the above experiment must likewise remain an 0 })en question. The fact that 
it caused a greater rise in metaliolism than dextrose, and brought about a 
fall in ijiorganic blood-phosphate in rabbits when dextrose failed to do so 
after the administration of pituitrin, is merely in conformity wfith previous 
findings [Lambie and Bedhead, 1927]. 

Summary. 

1. In the human subject pituitrin frequently causes a transient fall in 
metabolism followed by a rise. Sometimes only a rise is observed. In small 
doses it causes a slight fall in the inorganic phosphate of the blood. 

2. Pituitrin apparently inhibits the slight rise in metabolism which occurs 
after the administration of insulin; but the changes produced by either insulin 
or pituitrin are not sufficiently marked to be of much significance. 

3. Pituitrin delays and reduces the rise in metabolism and the fall in 
blood-sugar following the intravenous administration of dextrose or dihy¬ 
droxyacetone. 

4. Pituitrin in* small doses sufficient to prevent the fall in blood-sugar 
resulting from administration of 15 units of insulin did not prevent the fall 
in inorganic blood-phosphate. 
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5. Pitiiitrin administered in large doses to rabbits causes a transitory rise 
in the inorganic blood-phosphate and for a short period inhibits the fall in 
inorganic phosphate resulting from administration of dextrose or dihydroxy- 
acetone. A dose of pituitrin which just suffices to prevent the fall in inorganic 
phosphate following administration of dextrose may fail to overcome the fall 
due to dihydroxyacetone. 

6. In animals rendered hypoglycaemic as a result of insulin administra¬ 
tion pituitrin causes the blood-sugar and inorganic blood-phosphate to return 
to the normal level or even to exceed it. 

7. Adrenaline administered alone causes a marked and rapid rise in 
metabolism which is not solely dependent upon the rise in blood-sugar. 

8. Adrenaline does not inhibit the rise in metabolism following intra¬ 
venous administration of dextrose. 

9. Adrenaline administered in large doses to hypoglycaemic animals 
causes a rise in inorganic blood-phosphate. 

10. The question is discussed as to how far the effects of pituitrin and 
adrenaline upon metabolism result from the changes in the circulation and 
distribution of blood in the body or whether some more direct and specific 
antagonism to insulin is to be assumed. It is concluded tlmt experiments 
so far recorded have not proved unequivocally that such a direct action exists. 
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The formation of precipitates when various azine dyes are added to solutions 
of proteolytic enzymes has been remarked by a number of observers. In 
some cases, moreover, it has been shown that the mother liquors have lost 
their protease activity and that this has, in part, been transferred to the 
precipitates [Holzberg, 1913; Wood, 1918; Marston, 1923; Forbes, 1927]. 
The observations and conclusions of Marston are of particular interest. 
Marston found that safranine was a specific precipitant for all the protease 
activities he tested—pepsin, trypsin, crepsin, yeast protease, papain. The 
dye did not, however, remove other non-proteolytic enzymes from solution. 
Since, moreover, other azonium salts, azines, and curhodines behaved simi¬ 
larly towards trypsin, Marston concluded that he was observing a specific 
interaction between the azine nucleus and the structure peculiar to a protease. 
He further fortified this argument by drawing an analogy between the azine 
ring as represented by the various dyes employed and the piperazine ring 
which he believes to be a dominant feature of the protein molecule. Robertson 
[1928], indeed, has employed Marston’s argument to support the diketo- 
piperazine structure of protein. Now the view that the azine nucleus found 
in these dyes resembles the heterocyclic ring of a diketopiperazine is open to 
serious criticism upon structural grounds and makes the acceptance of the 
full implications of Marston’s argument difficult. On the other hand, there 
is no doubt that valuable opportunities are opened by the demonstration 
that a simple well-defined structure reacts with a group of enzymes in a 
specific way which parallels the catalytic specificity of that group of enzymes. 

In particular, Marston’s observations suggested to us an opportunity for 
the examination of the kinetics of protease activity by means of a quanti¬ 
tative study of the anticatalytic effect of azine compounds on the activity 
of the protease. At the same time it was hoped to assemble data which would 
permit the precise use of this reaction as an economical means of purifying 
protease preparations. 
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The 'poisoning of j^Tofease activity by azine dyes. 

Protease activity was determined by the viscosity method of Northrop 
and Hussey [1923], where the measure of activity is the time taken to produce 
a definite degree of viscosity change in a solution of gelatin. Results were 
conveniently reproducible and a relative measure of activity accurate to 
within 10 % was obtained when all the necessary precautions were observed. 
The comparison of activities was most reliable if the different enzyme pre¬ 
parations were separately diluted to produce approximat(‘ly similar rates of 
viscosity change. A dilution which ])rodiiced half of the total viscosity change 
in 10 to 30 minutes was adopted as beirig most convenient. Comparison of 
activities determined on substrate samples of markedly different initial vis¬ 
cosity is not strictly valid, but is useful qualitatively. 

Viscosity determinations at 30^ were made in viscosimeters standardised 
against distilled water and, after each determination, cleaned with chromic 
acid ovirnight. The substrate solutions were 2-75 % solutions of isoelectric 
gelatin [Loeb, 1922] adjusted with phosjdioric acid or ydiosphate to a of 
2*7 for ])epsin and 7-5 for trypsin determinations. After addition of a trace 
of thymol, these bulk solutions were stored in small bottles in the refrigerator. 
For use ouch bottle was warmed to melt the gelatin and maintained at 30° 
for at least 2 hours. Then, as required, samples were removed, mixed at zero 
time, with one-twentieth volume of the enzyme preparation, and pipetted in 
7 cc. amounts to tln^ visc'osimeters, every precaution being taken to minimise 
cooling of the solutions below 30°. Initially, determinations were made in 
duplicate until the precaution was found unnecessary. 


Table L Poisoning of protease activity by (nine dyes. 


Enz.ymo 

Dog’s gastric juice 


Benger’s trypsin 


Azine dye 

l/^l 


t 

nuns. 

(lelatin 

sample 

Sal ranine 

O’002 

— 

26 

a 


0()02 

0 01 

27 

a 


0 002 

0 05 

37 

a 


0-002 

0-2 

69 

a 


0-002 

0-() 

loo 

b 

Neuti al red 

0-0015 

— 

29 



0-0015 

0-00025 

26 

c 


0-0015 

0-0012 

26 

e 


0-0015 

0-(H)65 

25 

c- 

Safranino 

0-(M)15 

0-(Mm3 

25 

c 


0-0015 

— 

44 

d 


0-0015 

0-0063 

43 

d 


0-0015 

0-025 

39 

d 


0-001.5 

0-1 

47 

d 


0(KU5 

0'2 

70 

d 


0(M)15 

0-6 

90 

d 


[Aq-^concentration of enzyme in 100 cc. of the digestion mixture in terms of total solids (g.) 
of the original preparation. 

I/>] ™concentration of dye (g. %) in the digestion mixture. 

^ = time, corrected to a constant arbitrary enzyme concentration, for 50 viscosity change 
in the gelatin. 


2 )^. to pepsin experiments 2*7, for trypsm experiments 7*5. 


In Table I and Fig. 1 are summarised the results of experiments on gastric 
juice from a dog’s Pavlov fistula (0*42 % solids) and upon a highly active 
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pancreatic extract (6*1 % solids) kindly prepared for ns by Benger’s Food 
Products Ltd. 

It is obvious that dye concentrations of even 0*05 to 0-1 % in no way 
retard the hydrolysis of the gelatin by the enzyme. Moreover, it should be 
pointed out that the concentration of dye at which retardation does definitely 
occur is the critical concentration for immediate precipitation of the enzyme 
complex (though precipitation occurs in 24 hours with all dye concentrations 
above 0-0()6 %). Therefore, not only is there no poisoning with small concen¬ 
trations of dye, but such diminution in activity as is observed with high 
concentrations occurs only upon visible separation of a gelatinous precipitate 
in the viscosimeter. The artificial effect of such a precipitate is obvious, and 
aj)pears in the rather erratic viscosity curves at these concentrations (Fig. 1). 
Hence the indicated decrease in activity may well be merely apparent. 



Time (mins.) 

Fig. 1. Poisoning test (eafranme on Benger’s trypsin) =- 7-5. 

To test this point the diastase activity of the Benger’s pancreas extract 
was investigated with starch in the presence of varying concentrations of 
dye. Though results were more erratic, an effect running quite parallel to the 
above was obtained, so that, since diastase activity is not precipitated by 
azine dyes [Marston, 1923], any retardation would appear to be artificial and 
dependent at least predominantly on the gelatinous nature of the precipitate. 
Complete confirmation of this view was received, at least for the trypsin 
experiments, when it was discovered later that the tryptic activity of the 
Benger’s extract is not significantly precipitated by azine dyes. 

These results do not deny a specific chemical reaction between the dye 
and the catalytically active grouping of the protease. They do suggest, how¬ 
ever, that the hypothetical complex formed is so largely dissociated in solution 
that the active mass of free enzyme is unaffected by such concentrations of 
dye as will cause an ultimate separation of the insoluble complex. 
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Further information was sought l)y direct studies of the protease activities 
of azine preci])itates and of the mother liquors from which these precipitates 
have been separated. 

The precipitation of pepsin and tnjpsin bif neutral red. 

The factor which has limited former studies of these precijatates has been 
the difficulty of redissolving the active material. Only in the case of pepsin 
had this been found possible [Marston, 1923; Forbes, 1927], advantage being 
taken of the fact that in dilute solutions of strong acids the precijhtate re¬ 
dissolves and the dye may l)e extracted by -^uch solvents as amyl alcohol. 
Even in this case, however, emulsification during extraction rendered quanti¬ 
tative recovery of the enzyme difficult. 

Now Marston found that the leiico azine bases do not form precipitates 
with enzymes. We find further that a reducing agent such as sodium hypo¬ 
sulphite will redissolvc an existing precipitate. Moreover, the reducing agent 
does not destroy the activity of the protease present. A simple method of 
r('gaining the preci])itated enzyme in solution at once suggests itself. The 
preci})itate is removed from the reaction mixture by centrifuging, washed 
with 0-1 % safranine and suspended in an ap])ropriate buffer. Sodium hypo¬ 
sulphite is added and the leuco-base extracted with benzene in a vessel 
prot<'cted from oxygen. A useful extraction device which avoids any emulsi¬ 
fication consists of a shallow cylinder in which a thin layer of redissolved 
preci])itate covered with a layer of benzene is gently and slowly rocked. Two 
changes of solvent give efficient extraction, the whole process being complete 
in an hour. 

A still simpler method of extra(*ting the precipitate—in the case of trypsin 
— is based upon the observation that a neutral red precipitate will redissolve 
in solutions of pj.j more alkaline than about 7, i.c. when the basic dissociation 
of neutral red is suppressed. It is necessary therefore only to precipitate the 
preparation at pj^^ 6, adjust the solution to 9, and extract the yellow dye 
with benzene. The same rocking device may be employed. 

The various reagents and manipulations involved in these methods have 
no destructive effect upon either pepsin or trypsin. This was estalfiished by 
comparing the activity of an enzyme solution before a ])recipitate was formed 
in it by addition of dye and after the preci])itate had been redissolved in its 
own mother liquors and extracted by one of the methods described. 

In estimating the activity remaining in the mother licjuors it proved to 
be unnecessary to carry out a preliminary extraction of the dye since the 
further degree of dilution involved in carrying out the activity test reduced 
the concentration of dye far below that which had been found to give signi¬ 
ficant “poisoning” (Table I). 
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Protease activity of the enzyme precipitates and supernatant liquors. 

In these investigations the enzyme solutions were buffered at p^ 3-9 
(acetate buffer) for pepsin and at p^^ 6*0 (phosphate buffer) for trypsin. 
Pj^ determinations were made with a Hildebrand hydrogen electrode slightly 
modified to eliminate frothing. Samples of the buffered preparations were 
then mixed with varying concentrations of dye, allowed to flocculate for 
15 hours in the refrigerator, centrifuged for 20 minutes in a high speed 
centrifuge, and the supernatant liquors decanted from the precipitate. The 
precipitate was dried to constant weight in a steam-oven, and the extent of 
precipitation of the protease activity was estimated by the loss of activity 
in the supernatant liquors. In this way the loss of activity was compared 
with the amount of precipitate carrying it down and with the concentration 
of the precipitating dye. The data appear in Table II. 


Table II. Protease activity of the supernatant liquors. 


i 





• lOOw’ 

(super¬ 
natant ) 

Gelatm 

Enzyme 

Dye 

i^] 

s 

mms. 

feam])le 

Harrington’s pepsin 

Neutral red 

— 

Not determined 

11 

c 

2 solution 


0-024 


50 

e< 



0-045 


80 




0-083 


150 

c 

Dog’s gastric juice 

Safranine 

— 

— 

r> 

f 



0-005 

— 

0-5 

f 



0-01 

9 

8 

f 



0-02 

10 

16 

f 



0-05 

19-5 

144 

f 



01 

23-5 

550 

f 



0-2 

24 

7(H) 

f 



0-5 

Not determined 

800 

f 

Harrington’s trypsin 

Safranine 

— 


7 


3 solution 


1-0 


10 


Benger’s trypsin 

Safranine 

— 

— 

29 

h 

\E] --2-6 


0-1 

5 

28 

h 


0-5 

12 

29 

h 



1-0 

17 

28 

h 


[J^] ~ concentration of enzyme in 100 cc. of the precipitation mixture in terms of total solids /g.) 
of the original preparation. 

f/>]=:concentration of dye (g. in the precipitation mixture. 

— dry w eight of precipitate expressed as percentage of the total solids of the original 


preparation. 

[/i'l and [/>] are diluted 20 times (or 2000 times for Benger's trypsin) in the activity teste. 
A saturated aqueous solution of safranine contains just above 1 of dye. 


The data for pepsin precipitation are in general agreement with Marston’s 
views, since loss of activity runs parallel with both the concentration of dye 
and the weight of precipitate. However, it is noticed that, though the critical 
dye concentration for removal of peptic activity from solution is 0-02 to 0*1 % 
with practically complete removal at 0*2 %, yet by weight 38 % of the 
precipitate at 0*2 % has already been precipitated in a dye concentration of 
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only 0*01 %. This anomaly becomes more significant when considered in the 
light of the trypsin results, for here we find the quite unexpected fact that, 
though the weight of the precipitate varies definitely with the dye concen* 
tration, the activity of the supernatant liquor is not measurably reduced by 
loss of this precipitate. The activity of such juccipitates was quite definite, 
but, as Table III indicates, it varied with the origin of the preparation, and 
was quite a negligible fraction of the total activity. 

Now Marston claims to have found 64 of the total activity of a trypsin 
solution in his precipitate. This varialullty in extent of trypsin precipitation 
allows of no sinqde explanation olher than ^he obvious one that the pre¬ 
cipitation does not specifically involve the enzyme. We incline to the view 
that tr}q)sin preparations may or may not contain varying amounts of a 
substance (probably protein) with which the enzyme tends to be closely and 
specifically associated, and that this substance is precipitated by azine dyes 
removing the enzyme with it. It is of interest, therefore, that Wood [1918] 
reports an active preparation of trypsin which failed to give any ])recipitate 
with safranine. 

Attempts were now made to encourage removal of the dye by inducing 
formation of some foreign precipitate in the solution. Robertson mentions 
the precipitation of phosphates and nucleic acid by azine dyes, so experi¬ 
ments were conducttnl in which Bengerh trypsin was mixed with varying 
concentrations of nucleic acid and then jirecipitated in the usual fashion. 
Tiie results were entirely negative and appear in Tabic Ill. Precipitations 
were performed in 0-1 neutral red at pjj 6. Activities were determined in 
the supernatant liquors after extraction of the dye with benzene at pn 9. 


Table Ill. 

(^;) Proiea.se activity of the preeipitates. 
(b) Effect of induced precipitation. 


Nucleic acid 

Enzyme cone, 'y 

10 Harrington’s trypsin — 

,, ,, extracted precipitate — 

Benger’s trypsin, 3 total soluis — 

,, etc., extracted precipitate - — 

,, ,, extracted supernatant 

„ „ ,, itOK) 

0-4 


mins. 

jr> 

m 

15 
0 > 
ll! 

13 

11 - 5 

12 - 5 


The values of t given for the extracted precipitates have been corrected so as to define the 
activity of these extracts when diluted to the same volume as that of the enzyme solution from 
which the precipitat^es were obtained. In the ease of Bengor’s trypsin this leads to a calculation 
value which has only qualitative significance indicating virtual alcsenee of activity in tlie pre¬ 
cipitate. 
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It is obvious that no trypsin activity has been incorporated within the 
bulky precipitate formed between neutral red and nucleic acid. It does not 
appear therefore that the presence of nucleic acid in the enzyme preparations 
of Marston was responsible for his results. 

Effect of p^/ on precipitatio7i of pepmi. 

Aliquots of a sample of mixed gastric juice were titrated to definite 
values with a citric acid-citrate buffer of Ph being at the same time ad¬ 
justed to equal dilution. Safranine 2*6) was added, the final concentration 
being 0*2 % dye and ()-I75% pepsin (total solids). The solutions were left 
for 15 hours for flocculation, the precipitates separated in the centrifuge, 
and the mother liquors decanted and tested for activity. The dry weights of 
the precipitates were determined. The results appear in Fig. 2 and in Table IV. 


Table IV. Effect of p^^ on precipitation of gastric juice by safranine. 




Pli 

t 

mins. 

lOOT 

t 

lOO^r 

“s’ ’" 

]oo(^] - 

l-O (dye-free) 

7-5 

1(H) 

— 

— 

2-4.7 (dye-free) 

8 

9.5 

— 

— 

4-0 (dye-tree) 

5-5 

135 

— 

— 

TO 

11 

68 

16 

32 

1-95 

14-5 

52 

18 

48 

2-2 

18 

42 

19 

58 

2-4.7 

.30 

25 

21 

7.5 

2-75 

60 

12-,5 

22 

87-5 

2-9.5 

160 

4-7 

27 

95-3 

3-97 

1300 

0-6 

65 

99-4 

4-8.5 

1300 

0-6 

91 

99-4 


) 


(From Table 11) 

3-9 700 (xM) 0-9 24 991 

3‘9 (clyc-free) 6(xM) 109 

HK)T , ^ , 

—— -the percentage of the original protease activity remaining in the supernatant liquors 
after precipitation at the given pn (T—7-5). 

100 ^1 ~^^=the percentage of the original protease activity removed with the precipitate 
by precipitation at the given pu . 


It will be observed that the degree of removal of activity and the weight 
of precipitate both increase as the pjj rises above 1. At the same time these 
two factors are not closely parallel, since 88 % of the enzyme has been re¬ 
moved at Ph 2*75 although the weight of precipitate is only 24 % of that 
found at pjj 4*85. Indeed, the actual separation of insoluble matter is spread 
over a range of about four units while the precipitation of activity is a 
phenomenon localised fairly definitely about pjj 2 (Fig. 3). This is of in¬ 
terest in view of the fact that a number of observers have reported a critical 
point for pepsin—isoelectric point, point of optimum adsorption, etc.—within 
the region ofp^ 2*5 [Michaelis and Davidsohn, 1910; Northrop, 1920; Kikawa, 
1926; Forbes, 1927; Fenger and Andrew, 1927]. The curve reproduced in 
Fig. 3 is that of a hypothetical hydrion dissociation of pepsin of pK 1*9, and 
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the alignment with the observed degree of precipitation of the activity may 
be taken to suggest that this reaction of pepsin with saframne is conditioner 
by the acid-basc relations of the reactants. It is of course quite probable that 
this pK is a characteristic of the inert material with which the enzyme is 


Fi^. 



of prvcipitatio 



Fig. a. Relation of precipitated activity to p,, (safranino and dog’s gastric juice). 
The curve is that for a hypothetical hydrion dissociation of ?.K l-U. 


closely associated rather than of the enzyme itself. The divergence from the 
curve at Pn 1 f weak second 

basic group of the dye modifying the active mass of saframne at this p„. 
In any case, “percentage activity” is a reciprocal term permitting con- 
siderable error below values of 50 
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Purification of pepsin. 

The following observations are of interest. 

(1) An 8 % solution of a dry preparation of pepsin (Harrington and Co.) 
after dialysis against running water retained 95 % of its activity and lost 
62 % of its solids. The neutral red precipitate from the dialysed solution 
contained the whole of the activity in 3 % (inclusive of dye) of the original 
dry weight. 

(2) Neutral red precipitates from gastric juice containing the whole of 
the original activity weighed, according to the p^^ of precipitation, from 25 
to 90 % (pjj 3 to 4*8) of the dry weight of the original preparation. 

(3) The minimum efficient concentration of dye was found to be 0-1 %, 
and the optimum pjj for purification just above 3. 

(4) The weight of inactive matter precipitated from Benger’s trypsin by 
safranine was 17 % of the total. 

Summary. 

1. The observation of Marston and others is confirmed that the addition 
of saf ranine or neutral red to a solution of pepsin or trypsin leads to the 
separation of a flocculent precipitate. In the case of pepsin solutions, in¬ 
cluding gastric juice itself, the precipitate removed the peptic activity from 
solution. The supernatant liquors from the trypsin precipitates, on the other 
hand, lost no significant proportion of their activity. 

2. The optimum conditions of concentration and ppj for the complete 
removal of pepsin from solution by this means have been determined and a 
method is described for the recovery of the precipitated pepsin. 

3. It has been shown that azine dyes do not “poison” the catalytic 
activity of either pepsin or trypsin. Consequently there exists in solution 
under the experimental conditions no significant concentration of a specific 
protease-azine complex antagonistic to protein hydrolysis. 

4. These results give no support to the view of Marston that the azine 
nucleus reacts specifically with a protease with the formation of a protease- 
azine complex. The formation of precipitates when azine dyes are added to 
protease preparations may not be used as an argument either for the piper¬ 
azine structure of proteins or for any structural scheme of the mechanism of 
protease digestion. 
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LXXII. NOTE ON THE ABSORPTION SPECTRUM 

OF VITAMIN A. 

By otto BOSENHEIM and THOMAS AKTHUK WEBSTER. 

From the National Ivshtute for Medical Research, Hampstead, N. W. 8. 

{Received June 2ith, 1929.) 

It has been claimed repeatedly that vitamin A is characterised by a selective 
absorption in the ultra-violet region at about 320-328 p/x [Takahashi el al. 
1925; Morton and Heilbron, 1928|. AVe have subjected this claim to the 
experimental test by preparing dehydroergosterol, a sterol with four double 
bonds, from ergosterol [Windaus and Linsert, 1928]. Spectroscopic measure¬ 
ments by a photogra])hic method [Bourdillon, Fischmann, Jenkins and 
Webster, 1929J, kindly carried out by Mr R. G. C. Jenkins, showed that this 
substance possessed an intense absorption exactly in the same region as that 
claimed for vitamin A. The absorption curve agrees with that previously 
obtained by a photo-electric method [Windaus and Linsert, 1928]. 

The free sterol as well as its acetate, however, proved to be devoid of 
growth-promoting properties. Incidentally, we prepared the peroxide by the 
action of white light on dehydroergosterol in the presence of eosin [Windaus 
and Linsert, 1928] and found it equally inactive. For the biological tests the 
substances were administered in olive oil to rats on a vitamin A-free diet in 
doses from 0*001 mg. to 1 mg. per diem, vitamin D being supplied as irradiated 
ergosterol. 

The fact that these substances also fail to give a blue colour with AsClg 
(or SbClg) is significant in view of the assumed association of this colour 
reaction with vitamin A. It would seem therefore that selective ultra-violet 
absorption at 320-328 pp, at any rate by itself, cannot be taken as a criterion 
of vitamin A. 
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LXXIII. THE NATURE OF THE VITAMIN A 
CONSTITUENT OF GREEN LEAVES. 

By DOROTHY LOUISA COLLISON, ELEANOR MARGARET HUME, 
IDA SMEDLEY-MACLEAN and HANNAH HENDERSON SMITH. 

From the Deparfmeuls of Experimental Pathologp and BiochemLstrg, 

The Lister Inshtute, London. 

{Received June 24th, 1929.) 

In fcjpite of the fact that green leaves form one of the most potent sources of 
vitamin A, comparatively little work has been done on the isolation of the 
active substance from these leaves. The material from an ethereal extract of 
spinach or other green leaves has been added to a synthetic diet in order to 
supply vitamin A by various observers, amongst them Osborne am! ]\bmd(d 
[1919, 1, and Willimott and Wokes [1927]. In some experiments which 
were being carried out by E. M. Hume and H. H. Smith, the unsaponi- 
liable matter from which the sterol had been separated was used to supply 
the vitamin A constituent of the diet, and it seemed desirables to obtain as 
much knowledge as fiossible about the nature of the extract used. 

Kelation of greenness to vitamin a. 

The work of Osborne and Mendel [1919, I, 2) and Steenbock and Boutwell 
[1919J had indicated an association of the fat-soluble vitamin with the green 
parts of plants. This view' was examined liy Coward and Drummond [1921], 
who reported that vitamin A was not synthesised by etiolated shoots but 
that green leaves w^ere active in its formation. Wilson [1922], on the other 
hand, found that etiolat('d shoots if given in sufficient quantity could supply 
the fat-soluble vitamin and that this factor w'as therefore formed in the 
absence of light. Cow^arci [1923] concluded that, although the presence of 
chlorophyll was unnecessary, the formation of the fat-soluble vitamins re¬ 
quired the action of light though not of ultra-violet radiation, and later [1925] 
made the interesting observation that green leaves w'hich in the autumn had 
turned yellow were more active than the original green leaves. Wilson’s work 
has been confirmed by CovYard [1927, 1, 2j, Moore [1927] and Heller [1928] 
and there seems now to be conclusive evidence that, although the green shoots 
show far more vitamin A activity than the etiolated ones, the latter can 
supply the active factor if they are given in sufficient quantity. The potency 
of the shoots is much increased under the influence of light and it cannot be 
considered as quite certain whether the activity of the etiolated shoots is 
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due to some effect ol gernunutioii or to iLu ex])erimenta] difficulty of ensuring 
that no light whatever shall reach the seedlings. A similar difference has 
been described betweim the green and white leaves of cabbage. Coward and 
Drummond [19 lM | noted that green cabliage leaves were more potent than 
white leaves in promoting the growdfi oi rats on a diet deffcient in the fat- 
soluble vitamins and Hume [1921 j mad(‘ similar observations for guinea-pigs. 
Steenbock and Sell [1922| reported that the green inside Jraives of cabbages 
wliich had failed to head ])ro])erly contained tim tames as much pigment as 
white leaves on the inside of good hiscls and were far richer in what wns 
then known as vitamin A, but at the same time they thought that more 
than the minimum demonstrable amounts were ])resent in white cabbage. 

Since the very activi^ green leaves, and the inactive or very feebly active 
white leaves of calibage may be obtaiius] at the same time from the same 
plants, the unsaponiffable matter obtained from the lijioid extracted from 
whit(‘ and gre(‘ii leaves respectivt'lv seemed very interesting material for in¬ 
vestigation and we set out therefon' to prepare unsaponiffable matter from 
both s(‘ts of leaves, to examine its clnunical natur(‘ and to test it biologically 
for vitamin A activity. 

In the ])resi*rit inv(*stigat fon a ]>relimmarv study of the white and green 
halves of tin* large cattle cabbage led to the conclusion that three to four times 
as much unsajiomffable matti'r (*ould be extracted irom a given weight of 
green as from an (‘qual widght of white cabbage, ^ot only was more lipoid 
matter extracted by light jictroleum from the dried leaves, but the proportion 
of unsa})onlffable matter derived from it was higher. It was just possible 
that the n‘sults of previous workers might be exjilained by the fact that 
equal weights of green and white cabbage contained very different amounts 
of iinsajionitiable matter, although the nature of the unsaponiffable matter 
was identical. 


The method of nioLOOTCAL extehtment. 

In an investigation such as the present one, it is ^d(‘ar that the ultimate 
criterion for the vitamin A value of the materials studied must be the bio¬ 
logical test, although many writers have found the latter far from satisfactory. 
In carrying out the series of tests described which has extended over about 
a year, a preliminary depletion period w^as always used and the aim at first 
was to obtain from the rats, on various doses of the materials to be tested, 
growth performances which should be comparable. As time went on, however, 
information accumulated as to the exact size of the minimal dose on which 
life could be sustained. It was then found that a better comparison could 
be made by ascertaining the dose which could just sustain life over a measured 
period and that which failed to do so. In this way it was possible to say, 
for instance, that the effective dose of one sample of carotene lay between 
0-005 and 0-001 mg., while that of another lay between 0-01 and 0*005 mg. 
In working with doses so far sub-optimal the difficulty is encountered that 
Biochem. 1929 xxm 
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the number of animals which fail to recover when dosage begins after the 
depletion period is increased; for, when the animal is in a precarious state, 
the dose needed for recovery is often in excess of that just needed for main¬ 
tenance. Also there is frequently a latent period of several days before the 
dose begins to act, in the course of which the animal may become very much 
worse and it is impossible then to tell w'hcther the dose should be increased or 
not. The dose may be increased without there being a real necessity to do so or 
failure to increase it may bring about the loss of a S]>ecially prepared animal. 

In the last sf'ries of experiments (spinach-carotene group) about to be 
described the results were very much impaired by the frequent occurrence 
in the animals of liaematuria and of septic glands in the neck. iSeveral ful¬ 
minating cases of corneal ulcer also occurred a)>out this time: it might be 
that the use of minimal doses favoured the develo])ment of the conditions; 
such was found to ])e the case independently by McCarrison [1927] and 
Fujimaki [1926], ])articularly in favouring the development of stone; but it 
seems more likely that, since in some cases the condition developed before 
dosage had begun, t.e. somewhere about the 7th week of deficient died, it 
was also due to the implantation u])on the deficient animals of an infection 
not previously observed among the experiment^il animals in this laboralory 
although fre{iiienlly described by other workers [Macy rt e/., 1927). 

Where possible an attempt was always made to cure a rat which failed 
during the experimental treatment, by giving cod-liVer oil or other material 
rich in vitamin A; when the attempt succeeded a positive control was thus 
suj)plied but when it did not succeed the failure was not significant. 

The diet with addition of a source of vitamin B complex was as follows: 


Heated caseinogen ... ... ... 3(H) parts 

Wheat starch ... ... ... ... 750 

Irradiated hardened cotton-seed oil ... 225 ,, 

fialt mixture [Hume and Smith, 1928]... 75 

Lemon juice ... ... ... ... 75 

Distilled water ... ... ... ... 900 ,, 


From 10 to 25 g. per head per day were eaten, 14 g. being a usual amount. 
The fractions to be tested for vitamin A were made up in the cotton-seed 
oil and administered separately with a pipette. 

In previous experiments in which estimations of vitamin A have been 
made l)y Hume and Smith [1928], marmite lias been relied upon as the source 
of the vitamin B complex, used in such an amount that an average daily con¬ 
sumption for a rat would be about 0*5 g. About the time when the present series 
of experiments was begun (July 1928) a number of cases was encountered 
where rats failed to respond by growth to doses of vitamin A believed to be 
adequate. These cases remained puzzling until one rat also developed skin 
lesions closely resembling those found in rats on a diet deficient in vitamin B 2 
[Goldberger and Lillie, 1926; Chick and Roscoe, 1927], Dried yeast auto- 
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claved at 120"^ for 5 hours, in which the aritineiiritic factor is almost com¬ 
pletely destroyed while vitamin Bg survives [Chick and Roscoe, 1927], was 
kindly supplied by Dr Chick and administered in amounts of 0*5 g. daily. 
Growth was restored and the dermatitis healed; the con(‘lusion was drawn 
that marmite could not any longer he r(‘lied on as a constant source of supply 
of vitamin In the present senes ol experiments, marmite (75 parts in 
the above diet mixture) was at first retaiiu'd and supplemented with 0*5 g. 
of the autoclaved dried yeast to every 10 g. of the wet <]iet. The animals 
used in tlie experiments, the results oi which are given in Taiile I, received 
the vitamin B in this way. The animals used m the exjieriments, the results 
of which are given in subsecpient tallies, received no marmite in their diet. 
In those used in Table II tUJh dihal yeast from the Pharmaco Chemical 
Products (V). Ltd. was added to th(‘ wet diet, and m the linal experiments 
on caroti'iK' this amount was incnaised to 10 or 12 %. The higher amounts 
a[>})(aired to give a more .satisfactory result and also made it ])ossible to rely 
mor(' conhdmitly upon tlH‘ condition ot the (‘ves as an index of vitamin A 
(hdiciency. 


Preparation of lipoidal material from carbaok. 

The metliod of preparing the material has already been described [Clenshaw 
and Smedley-Maclaani. 1929]. Th(‘ preliminary di]i})ing of the leaves in boiling 
wat(‘r, which is there de.scribed asrendeiing the leaves more brittle and more 
ri'adily juilviu’isable, wnis used in ])reparing most of the material used for this 
investigation. It has however the disadvantage of setting free the cdilorophyll 
so that this is also extracted in the light petroleum solution. If the leaves are 
dried at the ordinary tem])erature without the preliminary dipping in hot 
water, the light petroleum extract is yellow and is practically free from 
(hloro])hyll lArnaud, 1885|. We have since found that a preliminary drying 

vacuo bi'fore drying in tlui hot room also liberates the chlorophyll, but if 
the leaves are air-dried at a tem]>erature of 37'^ the petroleum extract is 
yellow and appears to ])e free from chlorophyll. In nearly all tiie material 
used in tliis investigation, the leaves were subjected to the preliminary 
dipping in hot water, the petroleum solutions were deep green in colour and 
the lipoidal material contained chlorophyll. Treated in this w^ay, 715 g. of 
dried white cabbage leaves yielded 7*58 g. of light jietroleum-soluble material, 
whilst from 1300 g. of dried green cabl)age leaves 25-83 g. of li])oidal material 
were extracted. 

The material obtained from the green leaves was first tested for its activity 
in vitamin A. The medium chosen to dissolve the given extract was the 
same hardened cotton-seed oil as was used in the basal diet. In this pre¬ 
liminary experiment one set of doses was also given in paraffin oil in order 
to see if these were equally well absorbed. On the whole the effect seemed 
rather better with the hardened cotton-seed oil, especially in the (‘ase of the 
smaller doses and this medium was used in all later experiments. The results 
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iire shown in Table I, which also contains the record of an experiment in which 
some dried green spinach leaves which had been several times extracted with 
light petroleum were extracted with acetone. Since xanthophyll is soluble in 
acetone and insoluble in light petroleum, this extract would contain the 
xanthophyll present in the leaves. No evidence of any vitamin A activity 
was found in this fraction, a result in agreement with that observed by 
Willimott and Moore [19271. 

Table I. Test of green cabbage and acetone-spinach extracts 
for vitamin A activity. 


Grf)W’th 
in period 







No. of 

of 







days 

experi¬ 


Material 

Dose 

No. of 

No. of 


main - 

ment 


tested 

mg. 

litU'r 

rat 

Sox 

tenance 


Notes 

Qreen cahbiuje 

5-0 

1044 

516 


28 + 

43 

— — 

extract 


1045 

518 

'a’ 

28 + 

43 

„ — 

(a) In cotton¬ 



510 

0 

28 + 

66 

— 

seed oil 

2-5 

1044 

517 


25 f 

15 

Following larger dose for 
15 days 



1045 

525 


25 + 

15 

P'ollowing larger dose for 








14 days 


0-5 

1044 

515 

$ 

21 + 

25 

Following larger dose for 
4 days 



1045 

523 


21 + 

13 

Following larger dose for 








5 days 

(5) In paraffin 

50 

1044 

512 

e 

28 -t 

43 

— 

oil 


1045 

524 

V 

28 + 

40 





520 

o 

28 + 

61 

— — 


if) 

1044 

510 

4- 

18 

3* 

Following acctone-spinach ex¬ 
tract, died respiratory disease 




514 

2 

25 + 

10 

Following larger dose for 








11 days 


0-5 

1045 

526 

V' 

21 + 

9 

Following larger dose for 
5 days 

A cetone-spixuich ] 

10‘0 

1044 

510 

? 

8 


Rapidly deteriorating, cured 

extract ) 

1 -8 

by green cabbage extrac t 



1045 

527 

9 

14 

f 2 
i - 5 

Deteriorating, cured by other 
material 


„ 


521 

(? 

15 

-7 

Deteriorating, cured by other 


material 

Note. Behaviour of rats M'hen the material tested for vitamin A is supplied after a preliminary 
depletion period of 5-6 weeks. The growth or maintenance is for a measured period of 28 days 
though in one or two cases the period was arbitrarily shortened from lack of material or other 
cause. Where the symbol -i- fails to follow the days of maintenance it is indicat/cd that a decline 
set in. Success or failure to maintain should be taken as the criterion and the amount of growth 
taken as a subsidiary comment. 


Preparation op the unsaponifiable material. 

This was prepared from the light petroleum-soluble material by adding to 
its ethereal solution at laboratory temperature an excess over the calcu¬ 
lated amount of an alcoholic solution of sodium ethoxide, and allowing it to 
stand overnight. On diluting and extracting the solution with ether the 
chlorophyll remains in the aqueous alkaline solution. 
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From the green cabbage, 10-9 g. of unsaponifiable matter were obtained, 
a yield of 0*84% of the dried leaves; the iodine value (Hiibl) was 110*2. 
The white cabbage gave 1*78 g. of unsaponifiable matter, a yield of 0*25 % 
of the dried leaves; its iodine valiu' was bO-b. The green leaves gave theridore 
three to four times as much un8a])onitia])le matter as an equal weight of white 
cabbage and the substance obtained irom the gn^en leaves was much more 
unsaturated than that jjrepared from tin* white cabbage. 

Quantities of 1 g. of the unsa])onifiable matiuial obtained r('S])(‘ctively 
from the green and white leaves were dissolved in a small (piantity of ether 
and addefl to 2o g. of hardened cotton-seed d. The ether was then blown 
off from tlu^ melted fat by a current of COo. 

The results of the biological tests are given in Talde 11. 

Table 11. Test of saponifiable matter froni green and white eabbage 
for nfamin A aetivitg. 


See note nndei 'table 1. 
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litter 
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mailt i f)i»n 

1 5 

1 142 

531 

2 

28 t 

40 


(jr((U (ahbaqf 

1 U 

- 

532 

- 

28 4- 
28 f 

31 




1 li)0 

548 


21 

Died at oik'C 


Oo 

1142 

533 


28 1 

22 

Survived a pregnaiuy, 








littei lost 


,, 

1160 

543 

f 

28 4 

41 




,, 

547 

3 

28 4 

48 



0 25 


538 


28 + 

23 

Survived a pref.,uian(y, 








litter lost 


,, 

,, 

541 

j'' 

28 -f 

26 





544 

s 

28 -r 

28 


Un‘iap. niafter from 

10 0 

1160 

530 


28 4- 

16 


v'hite Labb(i[j( 

5 0 


542 

- 

1 1 

- 14 

( oil ( 

('ured bv green unsap 
Maintaimal to 28th day 


:io 


540 

- 

24 

1 -lof j 

by inereaBing dose to 
1() mg 




545 


— 

— 

Died at onei' 



- 

546 

o 

14 

I 15) 

1 -22j 

Died 


1-5 

1142 

530 

d 

16 

f h) 

( -27[ 

13 

Mon bund, killed 


10 


534 


28 -f 

__ _ 



,, 

536 

1 

15 

25 

Very ill, cured by 


0-5 






green unsap. 



537 


14 

-34 

Pregnant, died 

Gret-m. cabbage^ nnrnp. 

1*2 

1162 

553 

d 

28 + 

56 


Fraction insol. in hot 

0-6 


555 

d 

S' 

28 -H 

35 


and cold alcohol. Sol. 

0-2 


550 

28 + 

15 


in light petroleum 



551 

? 

28 r 

23 



003 


554 

-A 

o 

23 1 

8 



Fractionation of the unsaponifiable material. 

Having established that the green leaves yielded an unsaponifiable matter 
at least ten times as potent in vitamin A activity as the white, the next step 
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was to fractionate this material and to find out how far this activity could 
be concentrated. The first method used was by extraction with different 
solvents. 

Cold alcohohc extract. The iinsaponifiable fraction was twice extracted 
with cold alcohol and, from the cold alcoholic extract of 5 g. of the original 
Iinsaponifiable matter, crystals of a substance melting at 135"^ separated on 
standing; these gave a positive Salkowski reaction and probably consisted 
of a sterol. A very small amount of red crystals was also separated from this 
extract; the filtrate from these was evaporated to dryness and yielded 2*3 g. 
of residue having an iodine value of 130-7. 

Hot alcohohc cjtract. The substance insoluble in cold alcohol was three 
times extracted, with hot 96 % alcohol. From this (-rystals separated melting 
from 63° to 68°. By subsequent recrystallisation from alcohol white crystals 
melting at ITf were obtained, and a substance melting up to 68°. A ])re- 
liminary investigation of this fraction was described by Clenshaw and SiiK'dley- 
MacLean [1929], who isolated a hydrocarbon which they regarded as identical 
with the hentriacontane, m.p. 68°, which they harl already isolated Irom 

spinach. Subsequently Channon and Chibnall [1929] published the results 
of an investigation on cabbage and described the isolation of a hydrocarbon 
melting at 62'7°-62-8° and of a ketone Coo-HggO iindting at 80-5-81°; these 
they identified respectively as nonacosane and di-z^-tetradecyl ketone. The 
hydrocarbon isolated by Clenshaw and Smedley-MacLean from s})ina(‘h 
melted sharply at 68-68*5° and was analysed and satisfactorily identified as 
the hydrocarbon 03 iH^ 4 . The substance which they obtained from cabbage, 
melting at 68°, was only separated in very small amount: it was not analysed, 
and for its identification a mixed melting-point with the hydrocarbon ob¬ 
tained from spinach w^as relied upon. In the present investigation, working 
with a green Christmas cabbage, we isolated two substances melting at 63° 
and 80° to 81° respectively and confirm the results published by Channon 
and Chibnall. We propose to examine again the large white summer cattle 
cabbage used in their investigation by Clenshaw and Smedley-MacLean in 
order to determine definitely whether the substance isolated by them was 
identical with the hentriacontane of spinach or was a mixture of the two 
substances identified by Channon and Chibnall. 

Light pefroleinn extract. A small amount of blackish oily residue (iodine 
value, 173) remained which was practically insoluble in hot and cold alcohol: 
this was extracted with warm light petroleum (b.p. 40° to 60°) and from the 
solution red crystals of carotene separated. After several recrystallisations 
from light petroleum 0-018 g. crystals, which softened at 174° and melted at 
178°, were obtained; they had an iodine value of 324. Very much less of the 
material from the white leaves was available than from the green: the whole 
of it was found to be soluble in alcohol and there was no }>lackish residue, 
corresponding to that obtained in working up green cabbage, insoluble in 
alcohol and soluble in light petroleum and rich in carotene. The quantity of 
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carotene present must have been so small as to have been com])]etely dissolved 
in the alcoholic solutions. 

(JoloNT test with a/itiniornf tricJdoride. These various fractions were tested 
by the method of Carr and Price [ 1926] with the following results. 

Orceti cahlntqv: 

(1) Fnsaponiliable matbu* ... ... Blue-green colour 

(2) Cold alcohol extract, 0-016 g. per cc. Bliu'-gnaui colour 

(3) White siibsta,iu;e from hot alc(,»hol 

extract, 0-020 g. per cc. ... ... Colourless 

(1) hither extract, insolubh' in alcohol, 

0-003 g. per cc. ... ... ... Green colour 

(5) Carotene crystals, O-OOl g. p(‘r cc. Penuanent blue colour 

(6) Carotene (Tvstals, icOOOl g. p(*r (c. Permanent [)lue colour 

]\ /fife athhiUjc: 

(7) Unsa})onitiable matter ... ... Blue-green colour, much less 

intense than (1) 

The fact that solutions of carotene give a blue aiid not a green colour may be 
interpreted as showing that the yellow colour of carotene disappears and 
that it is therefor(‘- the yellow coloured carotene itself that enters into com¬ 
bination with the antimony trichloride solution. The green (colour produced 
by the yellow unsaponifiable fractions which contain (‘arotene must therefore 
be ascribed to a mixtuiH' of the blue compound formed from carotene and 
antimony trichloride with a yellow substance which remains yellow and is 
not changed by the antimony trichloride solution. 

Prepakatton of carotene. 

It appeared from the above results that the activity was associated with 
the carotene-containing fractions, and was certainly greatest In the most 
unsaturated fractions. It seemed desirable therefore to isolate carotene from 
the unsaponifiable matter and to determine whether the vitamin A active 
fraction was still associated with the carotene crystals. Three materials were 
selected, cabbage, spinach and carrots, and from each of these a small specimen 
of carotene was prepared. 

From cabbage. 10-9 g. of the unsaponifiable matter from green cabbage 
were fractionated as described above. A very small amount of carotene was 
obtained from the fraction soluble in hot alcohol: the fraction insoluble in 
alcohol but soluble in ether deposited dark reddish crystals which were several 
times recrystallised and finally obtained softening at 174° and being com¬ 
pletely melted at 178°. Examination of a dilute solution of this carotene in 
light petroleum solution showed the presence of two bands extending from 
460 to 455 fjLjJL and from 478 to 486 respectively. 
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From spinach. When similarly treated 11*05 g. of the lipoidal matter from 
spinach yielded 5-09 g. of urisaponifiable matter (i,v. 108), In this case the 
carotene was separated by dissolving the unsaponifiable fraction in carbon 
disulphide and fractionally precipitating it with alcohol. The earlier precipi¬ 
tates contained most of the impurities; the later (i.v. 183) were rich in carotene 
and were redissolvecl in carbon disulphide, again fractionally precipitated with 
alcohol, and then several times recrystallised from ether. The iodine value 
was 352. After further recrystallisation, the matc^rial melted at 163-164 ^ 
and had an iodine value of 338. This fall in value cannot be regarded as 
significant since very small quantities of material were used for the deter¬ 
minations. 

Part of the material (i.v. 183) was recrystallised from ether, dissolved in 
light petroleum, shaken up with chalk and filtercHl through a layer of chalk. 
The solvent was then evaporated from the filtrate and the residue used for 
a biological test on one rat. 

From carrots. Slice's of carrots were dried at 3P^ and extracted with light 
petroleum. The residue from the petroleum extract (i.v. 142*3) was worked 
up similarly to the unsaponifiable matter from sj)Inach. The reddish yellow 
crystals first obtained liad an iodine value of 181'’. By fractionally precipi¬ 
tating w’ith alcohol from their carbon disulphide solution, crystals were ob¬ 
tained melting from 164° to 170° (i.v, 220). By further [lurification 22 mg. 
recrystallised carotene of iodine value 300 ^vere obtained. Examined micro¬ 
scopically it consisted of characteristic red diamond-shaped crystals; at this 
stage it was used for the biological tests, and was compared wu’th the (‘ruder 
specimen of iodine value, 220. 

Solutions (0*14 %) of all three specimens of carotene in hardfuu'd cotton¬ 
seed oil gave a blue colour with the antimony trichloride reagi'nt. A 0*07 
solution of the specimen from cabbage w^as also tested and gave a markc'd 
blue colour. 

The evidence at present available as to the constitution of carotene, 
^' 40 ^ 5 ^, indicates that it possesses 11 double bonds of wdiich probalrly 8 are 
conjugated [Zechmeister and v. Cholnoky, 1928], The iodine values for the 
specimens of carotene now examined varied betw^een 300 and 350. corre¬ 
sponding to about 7 ethylenic linkages in the molecule. It seems unlikely 
that 22 halogen atoms would be added by interaction wdth the iodine reagent. 
It is known for instance that ethylenic linkages in the a-^ position to an OH 
or COOH group do not react with the iodine reagent [Smedley-MacLean and 
Thomas, 1921], and the addition of so many halogen atoms would probably 
modify the reaction. The variations from 300 to 352 cannot be regarded as 
significant in view of the very small quantities of material which were used 
for these determinations; the experimental error was large, since only 2-3 mg, 
were available for the test, and might well be 10 % of the observed value. 

The highest melting point of the various specimens of carotene was that 
from cabbage which softened at 174° and finally melted at 178°. 
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Ta})le III. Test of carote^ie for viiamiv A acfivitf/. 

See note under Table 1. 

Growl h 
diirin^^ 

No. of period of 







days 

expeii- 


Material 

Gose 

No. of 

No, oi 


main- 

im-rit 


tested 

mg. 

litter 

rat 

Sex 

tenanee 

g- 

Notes 

(\il)b(tgt carotem : 








l.V. 330 

O-Ol 

1228 

572 


28 + 

40 

— _ 

M.P. 174-178 


1227 

577 

, 

28 + 

76 

— 


0-005 


570 


28 

7 

Moi‘i])und at end of ex- 








periment with septic* 
i)ladder eondition 



,, 

578 

6 

ev 

60 

— 


0-003 

1223 

503 


28 ^ 

25 

— 


- 

1225 

601 

o 

28 + 

10 

Following smaller dose, 
septic glands in neck 


0-002 

1223 

564 


28 h 

16 

— 



1275 

601 


6 

- 5 

t'oilowing smalk-T' close, 








changed to larger dose 


0-001 

1223 

560 


24 

1 6 
( -15 

Maintained to (-nd of 
period on 0-0(^2 mg. 


,, 

1228 

574 

o 

4 

- 2 

(hired bv cod-li\(*r oil 



1 275 

604 


3 

- 5 

Died- septic iitt-rus 




605 


14 

5 

Haematuriu 




601 


6 

4 

- 5 

Changed to larger dose 

Carrot carotene: 

{a) \.\\22{) 

0-04 

1272 

506 

( 

28 

20 


M.P. HMP 

0-02 

1223 

567 


28 + 

7 

Following dose mother- 
licjiior 


,, 

1272 

600 


28 + 

23 

— 


,, 

,, 

507 

'3 

28 + 

20 

— 

(h) Peervst. 

0-01 

1223 

560 


28 + 

31 


\.y. 300 


1228 

573 

o 

7 

- 6 

Fulminating corneal sejisis. 








Treated perhaps prema¬ 
turely with other ma¬ 








terial—eui'ed 



1227 

576 


28 t 

36 

— 


0-005 

1275 

607 


10 

- 4 

(hired by cod-liver oil 




602 

J 

16 

___ 

Clianged to O-Ol mg. with 








tern porary im provement 


0-(M)4 


608 

c.. 

13 

- 8 

Cured by cod-liver oil 


0-002 

1275 

603 

o 

12 

- 8 

(■ured by c-od-liver oil 


0-001 

1228 

575 

-A 

o 

5 

- 4 

(hired by otlier material 



1275 

608 

13 

- 8 

Changed' to ()-()()4 mg. 




607 


12 

- 10 

(dianged to 0-005 mg. 




602 

o 

7 

- 8 

Changed to 0-005 mg. 

spinach carotem : 







(a) l.V. 338 

0-012 

1300 

611 

0 

8 

— 

Haematuria, died, severe 

M.P. 104^ 



616 

o 

28 -h 

36 

stone 

Foetid urine 


0-008 


600 

V 

28 4 

15 

Haematuria before be¬ 








ginning dosage 


- 

9f 

610 

? 

18 

1-1-.} 

Haemat uria —died 

{b) l.V. 352 

0-010 


613 

o 

28 + 

51 

Foetid urine — enlarged 



614 

8 

-10 

gland in neck 

Haematuria before be¬ 









ginning dosage—died 



y, 

615 

6 

25 

f 25 
1-14 

H ae ma t u ri a—reco ve red 
with cod-liver oil 

(c) After shaking 

0-006 

1300 

612 

c? 

28 + 

27 

— 


solution with, 
and filtering 
through, chalk 
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The separation of carotene from cabbage is certainly very incomplete, 
especially when, as in our separation, no stringent precautions were taken 
to guard against oxidation. The actual amount of crystals separated must 
represent only a small proportion of the carotene present in the original 
cabbage. 

Figures are not available as to the minimum weight of fresh or dried cabbage 
which will maintain a rat on a vitamin-A deficient diet in a good state of 
health under the conditions of the experiment. 

From the figures now given 11-17 kg. cabbage leaf gave 13(X)g. dry material from which 25 g. 
lipoidal substance and 10-9 g. unaaponifiable matter were extracted. In our experiments 0-25 mg. 
of unsaponifiable matter was more than sufficient for the minimum dose to supply the vitamin A 
factor and must therefore contain the minimum dose of carotene, here determined as 0*003 to 
0-005 mg. This would correspond to rather more than 2 % of carotene in the unsaponifiable 
matter. Channon and Chibnall [1929] estimate the amount of carotene in the acetone-ethereal 
extract of cabbage with which they worked as 0-86 9,^ and as the unsaponifiable fraction would 
be only a portion of their total extract, these figures seem to be of a comparable order. 

The biological results are given in Table Ill. 

The specimen of (carotene which melted at the highest temperature and 
was therefore presumably the most pure was that from cabbage which was 
active in a dose of ()*()()3 mg. per diem: in this group the division between the 
active doses which maintained life for 28 days with fair growth and those of 
O'OOl mg. which failed to do so was well brought out. The specimens of 
carotene from spinach and from carrots respectively were less pure, the melting 
point was lower and the positive dose required was appreciably higher, 
being in the neighbourhood of 0-01 mg. The animals were not in such good 
condition in the later groups used for these experiments and it is not therefore 
permissible to make the deduction that the purity of the carotene specimen 
is in inverse ratio to the dose required, but we can say that we found no 
indication that the activity of the dose diminished with increasing purity of 
the carotene. The residue from the mother-liquor from which we had separated 
the carotene crystals from cabbage was tested on three rats and gave negative 
results with doses of 0-005 and 0*02 mg., doses which were active in the case 
of the carotene crystals, so that there was a definite concentration of activity 
associated with the carotene crystals. The residue from which the carotene 
had been extracted with ether was fed to 5 rats and was inactive in doses 
up to 0*1 mg. 

The material obtained by shaking up an ethereal solution of the spinach 
carotene in light petroleum with finely precipitated chalk and filtering through 
a layer of chalk, and evaporating the solvent, showed no diminution in 
activity; a dose of 0*006 mg. gave a good result but only one rat was available 
for this test (Table III, no. 612). It seems that the active substance, like the 
carotene, is not absorbed by chalk. 
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Disctlssion. 

The results obtained with carotene are closely in agreement with those 
recently published by v. Euler d al. [1928, 1929] and by Moore [1929]. The 
association of vitamin A activity with the carotenoid j)igments has been fre¬ 
quently referred to by different workers. The idea has been supported in a 
series of pa])ers by iSteenbock and Sell | 1922), who however do not delinitely 
identify the active factor as carotene: the association of the carotenoids with the 
active vitamin A substance was discuss(‘d by Rosenheim and Drummond [1920] 
but the identification of the vitamin A as carotene was definitely rejected by 
them and i)y Drummond, Channon and (^ov.nd [1925], Th(‘ latter observers 
isolated from carrots a specimen of (*arotene which aftc^r being recr 3 "stallised 
four times melted at lfi7*5"\ and which they regarded as free from vitamin A 
activity, although the dosage givcni is not stated. More recently Duliere, 
Morton and Drummond [1929] have se])arated from carrots a specimen of 
carotene melting at 184-9''' after recrystallising it several times from hexane 
and working under anaerobic conditions. This preparation was found to be 
almost inactive even in doses of 0-5 mg. 

The fact that both specimens of carotene isolated by Drummond and 
his colleagues, melting respectively at 167° and 183*9°, were found to be 
inactive suggests that the inactivity of the purer specimen described in the 
more recent work is not due to the elimination of an active impurity although 
the possibility that Duliere, Morton and Drummond have isolated an inactive 
constituent from the crude carotene cannot be entirely excluded. 

All the workers who find that carotene shows vitamin activity include 
fat in their basal diet, whereas Drummond and his co-workers give a fat-free 
diet. It is possible that in the latter case the pigment is not so w^ell absorbed 
and it is interesting to note that Hart, Steenbock, Kletzien and Scott [19271 
found that the antirachitic unsaponifiable constituent of cod-liver oil did 
not establish the calcium balance in a goat unless it was given in solution in 
a liquid fat such as corn oil, although the corn oil itself had no effect on 
assimilation^. On the other hand, Hume and Smith (unpublished experiment) 
have found that the unsaponifiable fraction from a light petroleum extract 
of spinach, freed from sterols, is an adequate source of vitamin A, when dis¬ 
solved in liquid paraffin and added to a fat-free diet. The latter observation 
suggests that it may be some element of the unsaponifiable fraction of the 
fat in the diet, rather than the fat as fat, which is needed in conjunction 
with carotene, to produce the biological effect of vitamin A. 

Evidence appears to be accumulating tending to show that more than 
one substance can function as vitamin A. Differences in the stability of the 
vitamin A derived from plant and animal sources have been described 
[Sherman, Quinn, Day and Miller, 1928], and it seems difficult to accept as 

^ Since writing the above, attention has been drawn to the influence of fat in the diet by 
Burr and Burr [1929] and McAmis, Anderson and Mendel [1929]. 
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identical the highly coloured crystals which are associated with the vitamin A 
activity in plants with the much paler substances derived from animal oils. 
The recent publication of v. Euler, v. Euler and Karrer [1929], which records 
the inactivity of a-crocetin and the activity of its dihydro-derivative, furnishes 
evidence in support of the view that the property of vitamin A activity is to 
be regarded rather as belonging to a special grouping of atoms which may 
be common to several individual molecules than to a definite molecule. 

Duli^re, Morton and Drummond have laid stress on the appearance of an 
absorption band 608-012 /x/x in the reaction product of antimony trichloride 
and specimens of the unsaponifiable matter from cod-liver oil which are very 
active in vitamin A and have drawn the inference that this band is associated 
with the actual vitamin A. The absorption spectrum of the blue compound 
produced when carotene reacts with the same reagent does not show this 
particular band [v. Euler et aL, 1928], though it is suggested that the difference 
may be due to tlie presence or absence of an oily medium. If the same 
vitamin A which produces this band be indeed a contamination in the carotene 
crystals, as Dulit^re et ah suggest, it is difficult to see why the characteristic 
608-612 fjifji band does not appear in the absorption spectrum of the carotene 
compound. Since the carotene crystals are as pot(‘nt in vitamin A activity 
as any unsaponifiable fraction from animal oils yet investigat^al, one would 
expect the 608-612 /xp band to be as strongly marked in the spectrum of 
the carotene antimony trichloride compound. If the vitamin A of animal oils 
be indeed responsible for the production of the l)and, its absence when the 
very active carotene crystals are used would furnish additional evid(mce that 
the active substance in the cod-liver oil is not identical with that m the active 
carotene crystals. 

Summary, 

(1) The vitamin A activity of the unsaponifiable fraction from white 
cabbage is very small compared with that of the corresponding fraction de¬ 
rived from green leaves; this fraction, however, is active if given in sufficient 
amount. The respective minimal doses are about 10 and 0*25 mg. 

(2) The vitamin A substance of green spinach and cabbage leaves and of 
carrots is contained in the most highly unsaturated fraction of the unsaponi¬ 
fiable matter and, as far as the process of purification here employed extends, 
remains associated with the carotene crystals. 

(3) The carotene crystals obtained from cabbage softened at 174° and 
melted at 178°, those from spinach at 163-4° and from carrots at 164-9°. The 
vitamin A activity is certainly not diminished in the specimen of higher 
melting point and of therefore presumably greater purity: in this specimen 
the active dose lies between 0-002 and 0-005 mg. No claim to a great degree 
of purity in the specimens of carotene separated is made, since the work 
carried out was on too small a scale to admit of sufficient recrystallisations 
to ensure the separation of all impurities. 
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(4) It is possible that the crystals of carotene may themselves be homo- 
genooiis and active or that they may consist of two or more closely related 
substances only one of which possesses vitamin A activity. 

The writers desire to acknowledge their indebtedness to the Medical 
Research Council and to the Department of Scientific and Industrial Research 
respectively for grants which have made it possible for this work to be 
carried out. 
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LXXIV. THE DETERMINATION OF CHLORIDE 
IN ANIMAL TISSUES. 

By ERNEST HAROLD CALLOW. 
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Research and the Loiv Temperature Research Station, Cambridge. 
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During the course of an investigation of salt-cured meat, it became necessary 
to find a highly accurate method for the estimation of chloride in both salt- 
cured and fresh meat. It was essential that the method should be a])plical)le 
to samples as large as 50 g., and that it should be simjde and reliable. In 
order to determine, the Hccuracy of various methods, estimations wer(j carried 
out of the chloride content of (g) fresh meat, and {b) an equal weiglit of the 
same sample of fresh meat to which had been added a known amount of 
sodium chloride. Lean pork was minced three times and well mixed. 50 g. 
portions were placed in well-stoppered glass bottles with wid(‘ lu'cks. The 
(lontents of half the bottles were analysed in order to determine the cldoride 
content of the fresh meat. Known amounts of sodium chloride ‘ were ad deal 
to the remaining bottles, which wore kept at 0'^ for several days to allow tlu' 
salt to react with the tissue. The chloride cont<mt of the salted meat was 
then determined. 

There are two stages in the chloride analysis of meat. First, the chloride 
must be extracted from the tissues with as little protein as possible, and 
secondly the chloride content of the extract must be determined. For the 
second stage, the Volhard method was used in this investigation. The first 
stage, namely extraction, is frequently carried out after the organic matter 
has been charred by heat. This method gives low values for the chloride 
content because a certain amount of chloride is invariably lost by volatilisa¬ 
tion. The results obtained fiy this method were lower than those obtained 
by any of the other methods investigated (see Table I). The incineration 
method has been modified by Weitzel [1920], He mixed the substance to be 
analysed with calcium oxide before incineration. There is no doubt that this 
is an improvement, but even the modified method in our hands gave low 
results for the chloride of meat (see Table II). 

As incineration was found to be unsatisfactory, an attempt was made to 
find other ways of obtaining the chloride in solution with minimal amounts 
of protein. It seemed probable that the most promising method would be 
to use a boiling aqueous salt solution which would extract the chloride and at 
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the same time coagulate the proteins. Solutions of sodium sulphate and of 
iron alum were used but gave results which were either too low or incon¬ 
sistent. Distilled water alone, however, proved to be an excellent reagent for 
extraction. 

Table I. Tyjncal results obtained for chloride eslwiation of meat. 

Various methods of extraction were used and in each case tlie extract was analys(Hi by 
Volhard's method. The same sample of pork was used throughout. 

CJiloride 
(expressed as g. 
found in 



Chloride [ 

'() g. of loan )’'>ik 




(expressed as g. 

to w Inch had 

NaCl 


Method of extractuig 

NaOl) found in 

h(‘en ad<led 

lecovered 

1 ‘creentage 

(diloride from meat 

oO g. of lean pork 

2 g. xMaCl 


n'covery 

Boiled w'ltli dint died water 
Boiled with 20 Kodium 

0-055 

2-002 

2-007 

100-4 

Hulphate 

Boiled with 20 'h, sodiuui 

o-o5:{ 

2-040 

1 \m 

09-7 

sulphate plus iron alum 
Boiled wit h distdled w'ater 

0-050 

2-030 

1-080 

09 0 

]dus iron alum 
Iriemerated at a dull red 

O-OU) 

2-002 

1-050 

07-8 

heat 

0 041 

MkS2 

1-041 

07-1 


Tal)lc 11. 

The same sanijile of jiork was used throughout. Jn eai'h case tlie results are the aviuage of 
tw o (h'term mat ions. 


hxlrat'ted witli Ixulmg jnemeratetl with calcium oxide 

distilled water (Weitzel's method) 


Na(4 

— 

..‘ — 

' - 'i 

- 

■— - — 

- — 

added to 

Nat'l 

NaCl 

Bimh (-ntage 

NaCl 

NaCl 

iVreentage 

50 g. of pork 

(I-, 

found 

(T, 

reeovered 

riH-overy 

found 

reeovi-ri'd 

j (-covered 

Nil 

0-054 



0 051 

— 


1 

1-044 

OdtOO 

00-0 

1-020 

0-075 

97-5 

2 

2-051 

1-007 

00-0 

2-003 

1-052 

07-0 


The following procedure was finally ftdopttal. 50 g. of iincly minced meat 
are placed in a 300 cc. beaker and covered witlt distilled water. The beaker 
is placed in a boiling water-baih. and the contents are stirred in order to 
prevent the formation of large lum])s during the coagulation of the protein. 
The beaker is then heated over a Bunsen burner until the contents boil. The 
precipitate is allowed to settle and the clear fluid filtered into a flask. The 
residue is again boiled with distilled water, and the solution decanted and 
filtered into the collecting flask. In the case of fresh meat this process is 
repeated 5 or 6 times and the filtrate is transferred to a 1000 cc. standard 
flask. With salted meat it is necessary to boil the residue 10 or 12 times with 
distilled water. The filtered solution in this case is made up to 2000 cc. 
Measured volumes of this solution (with fresh meat and with very low concen¬ 
trations of sodium chloride the solution must be concentrated by evaporating 
250 cc. to about 10 cc.) are then placed in boiling-tubes with an (‘xcess 
of silver nitrate. A volume of concentrated nitric acid equal to the volume of 
the mixture is added, and the tubes are heated in a boiling water-bath for 
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an hour and a half to destroy the proteins. When cool, distilled water is added 
to dilute the strongly acid solution. The silver chloride is filtered off and washed, 
and the excess of silver nitrate is estimated by the Volhard method. 

A typical series of results is given in Table III. 

Table III. 

The same sample of pork was used throughout. 


Weight of NaCl 

d’otal NaCl in 

NaCl 


ad d(Ml 

50 g. meat 

recovered ^ 

Percentage 

g- 

Nil 

g- 

005;}) 

0051 

0 048] 

f?* 

recovery 

0-2 

0-246 

0-195 

97-5 

0-2 

0-248 

0197 

98-5 

0-5 

0-552 

0-501 

100-2 

0-5 

0-55;:} 

0-502 

100-4 

10 

1-050 

0-999 

99-9 

TO 

1055 

1004 

100-4 

20 

2-051 

2-000 

100-0 

20 

2-04] 

1-990 

99-5 


These results show that sodium chloride which has been added to meat 
can be estimated quantitatively by this method. Although there is com])lete 
recovery of added sodium chloride, it does not necessarily follow that this 
method accurately estimates the chloride originally present in the meat. In 
order to test this point, the following experiments were carried out. After 
extracting the chloride by the method described above, the residues were 
cautiously incinerated at dull red heat. The charcoal formed was extracted 
with water and then ashed. No trace of chloride was detected in the charcoal 
extract or ash. Even when the extracted residues from 300 g. of fresh meat 
were bulked together for this purpose, no chloride could be detected. This 
indicates that the chloride is completely extracted from meat by this method. 
The question then arises as to whether the method is equally reliable when 
applied to commercially salt-cured meats, which contain saltpetre and often 
sugar in addition to sodium chloride. Estimations carried out on similar 
samples of such material gave remarkably concordant results, considering 
the difficulties of sampling. For example, six estimations of a sample of 
minced ham gave the following results for the concentration of chloride ex¬ 
pressed as sodium chloride: 8*04%, 8*02%, 7*96%, 7*88%, 8*04% and 
8*02 %. Four estimations of a sample of cooked ham gave the following 
results: 4*94 %, 4*84 %, 4*84 %, 4*84 %. After extraction and incineration, 
the coagulated residue showed no trace of chloride. 

An alternative method of estimating small quantities of chloride in bio- 
logica fluids has been put forward recently by Christy and Robson [1928]. 
They add A/29-25 silver nitrate to the solution in the presence of nitric acid; 
the silver chloride is filtered off, and the excess of silver nitrate in the filtrate 
is titrated against A/29-25 potassium iodide in the presence of potassium 
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bi-iodate and soluble starch. Silver iodide is precipitated and, when the 
reaction is ciomplete, further addition of potassium iodide results in the 
formation of iodine. According to Christy and Rol)son, the slightest excess 
of potassium iodide results in the formation of the well-known blue colour 
of starch iodide. I have found, however, that the end-point is obscured by 
the appearance of a yellow colour whi('h changes the clear blue to a muddy 
green. Moreover, I found that the end-]>oint is not reached until a con¬ 
siderable excess of KI has been add(‘d. 

In order to test the method, I carried out preliminary analyses on a 
solution containing a known amount ot sodium chloride, I followed Christy 
and Hobson’s procedure except that 1 used Ji/lOO potassium bi-iodate, as 
it is not clear what is nnaint by A/100 potassium ]>i-iodate. In every case 
the end-point of the titration was greenish an<l not well destined, and the 
results were 5--10 % too low. A large number of control titrations were then 
carri(al out in order to discover the caus(‘ of these gruve discrepancies. Using 

10 c(‘. of silver nitrate, no (uid-point was obtained until more than 

11 cc, of A7-9-25 potassium iodide had been added. In (diristy and Robson’s 
method 1 cc. of A 7 IOO ])otassium bi-iodate is used, ])ut I found that the 


Table IV. 


N/29'25 

M; lOi) 
pot ass mill 

2 ,V 

1 e 

^ ,0 

Water 

Potassium 

silver nitiate 

bi-io(lnte 

nitric ai.'id 

sohible Stan h 

added 

iodide 

cc. 

cc. 

cc. 

cc. 

cc. 

cc. 

10 

l-oo 

10 


90 

11-8 

10 

U-.")0 

10 

2 

90 

10 8 

10 

0-20 

10 

•> 

90 

10-45 

10 

010 

10 

2 

90 

io-:u 

10 

OOo 

10 

0 

90 

10-20 

10 

1 00 =^ 

10 

2 

90 

10-92 

10 

0 50 * 

10 

2 

90 

10-63 

10 

0 20 * 

10 

2 

90 

10-26 

10 

0 - 10 * 

10 

2 

90 

10-20 

10 

0 - 05 * 

10 

2 

90 

10-30 

10 

10 

10 

1 

90 

11-81 

10 

1-0 

5 

1 

95 

11 -54 

10 

10 

2 

1 

9S 

11-26 

10 

10 

I 

1 

99 

10-92 

10 

10 

0-5 

1 

99-5 

10-80 

10 

10 

0-2 

1 

99-8 

10-36 

10 

I'O 

0-1 

1 

99-9 

10-32 

10 

10 

10 

2 

90 

12-02 

5 

10 

10 


90 

6-47 

2 

10 

10 

2 

90 

2-91 

T 

1-0 

10 

*) 

90 

1-66 

O'5 

10 

10 

2 

90 

0-84 

Nil 

10 

10 

2 

90 

0-05 

10 

10 

10 

T 

tio 

11-72 

10 

10 

10 

1 

80 

11-90 

10 

10 

10 

1 

00 

11 87 

10 

10 

10 

1 

40 

11-78 

10 

10 

10 

1 

2t> 

11-80 

10 

1-0 

10 

1 

10 

11-92 

10 

10 

10 

1 

Nil 

11-93 

10 

010 

10 

1 

Nil 
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results agreed more and more closely with the expected figure as the con¬ 
centration of bi-iodate was decreased until, in the presence of 0-10 cc., only 
K)*2cc. of potassium iodide were needed for 10 cc. of silver nitrate. The 
end-point became progressively sharper as the concentration of bi-iodate 
was decreased, the muddy green colour being gradually replaced by a clear 
blue colour. With less than 0*05 cc. of A//100 potassium bi-iodate the end¬ 
point was indefinite because the blue colour was too ])ale. When potassium 
iodate was used instead of the bi-iodate, similar results were obtained. Other 
control titrations involved variations*in the amounts of silver nitrate, nitric 
acid and water (see Table IV). The titration values of potassium iodide 
necessary to give an end-point are given in the last column. 

On titrating in the absence of starch and filtering off the silver iodide 
formed, the filtrates ol)tained were yellow to orange-brown in colour. It was 
naturally suspected that the yellow colour was due to the formation of iodine, 
l)ut this hypothesis at first appeared untenable because of the non-af)pearance 
of a blue colour with starch. Further experiments, however, indicated that 
iodine was actually present. It could be extracted by means of chloroform 
or obtained as a sublimate in the condenser on va(uium distillation. Since 
the yellow colour was due to iodine, it may be asked why no blue colour 
was obtained with starch. The answer to this question is the usually neglected 
fact tliat a solution of iodine in water is inca])ab]e of giving a ])lue (.•olour 
with starch, except in the presence of a soluble iodide [Treadwell, J92JJ. 

Thus, when solid iodine is allowed to remain in contact with a solution 
containing soluble starch, nitric acid and potassium iodate (or bi-iodate), no 
blue colour appears. Under these conditions, even if HI is formed, it im¬ 
mediately reacts with th(‘ iodate and nitric acid to give free iodine: 

5 HI + K103 -f HNO3 - 3I2 4 3 HoO + KNO3. 

The fluid gradually becomes yellow and then orange-brown, and iodine can 
be extracted by shaking with chloroform. Tn all respects this fluid is similar 
to the yellow or orange-brown fluid previously described as occurring in the 
control titrations after filtering off the silver iodide. In the control titrations 
potassium iodide is run into a solution containing silver nitrate, potassium 
bi-iodate (or iodate), nitric acid and soluble starch. The blue colour of the 
starch iodide does not appear at the point when all the silver has been pre¬ 
cipitated (as silver iodide) because further additions of potassium iodide 
react with the iodate or bi-iodate and nitric acid to give free iodine. This 
iodine gives no blue colour with starch because there is no soluble iodide 
present. From theoretical considerations we should not expect that a blue 
colour would be formed until enough potassium iodide has been added to 
decompose all the potassium bi-iodate present in the solution. In actual 
practice, however, it has been found that when starch is present the blue 
colour is formed before the theoretical amount of potassium iodide has all 
been added (see Table IV). This appears to be due to the fact that starch 
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iodide is a relatively stable compound and when once it has been formed it 
is difficult to decompose. This point is illustrated by the following experiment. 
When a large excess of potassium iodate (or bi-iodate) is added to a trace of 
potassium iodide in a solution of nitric acid, iodine is formed and all the 
])otassium iodide is decomposed. On adding starch, no bine colour is pro¬ 
duced. If however starch is added to the potassium iodide and nitric acid 
before the iodate or bi-iodate, a deep blue colour is immediately produced. 

Christy and Robson's method is therefore subject to two sources of error. 
In the first place a considerable amount of free iodine may be present before 
the blue end-point is reached, and in the second place tln^ (‘xcess of potassium 
iodide required varies with the concentrations of the reacting substances. It 
is conceivabh* that it might be used as aji empirical method, but only under 
rigidly standardised conditions. This fact was emphasised by Bang [1913], 
who devised the procedure which lorms the basis of Christy and Robson’s 
method. 

Summary. 

(1) A method is described lor the complete extraction of chloride from 
animal tissues. 

(2) (ddoride in such extracts was estimat(Ml with a high degna* of accuracy 
by rmauis of a modification of N'olhard's method. 

(3) A criticism is given of Ciiristy and Robson’s method for the estima¬ 
tion ol chloride in biological fluids. 

I gladly take this o{)portunity of thanking Sir William B. Hardy, F.R.S., 
for th(‘ interest he has taken in this work. I also wish to thank Mr David 
Gatlnuum for carrying out many of the analyses recorded in this paper. 
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The effect of a number of su])stances on the period of induction during which 
no fermentation is observed with the mixture of sugar solution and zymase 
preparations has been observed by many authors. Meyerliof [IblB] pointed 
out that with maceration extra(*t this period was com])letely abolished in 
the presence of even a small amount of hexosediphosphate. This was tested 
first by Harden and Henley [1920] with zymin and later ]>>■ Mayer [1927 | 
with maceration extract. Kaymond and Levene 11928] found that not only 
natural hexosephosphat(‘s (h(‘xosediphosphate, Robison's and Neuberg's mono¬ 
phosphates) but also synthetic phosphat(‘s (3-glucose-, 1-fructose-, 3-fructose- 
and dihydroxyacetone-phosphates) had a marked efiecd in reducing the ptuiod 
of induction with zymin in large volumes of sugar solution, although hexose¬ 
diphosphate greatly exceeded all the others. 

Neuberg [19181 pointed out a remarkable effect of a number of aldehydes 
and other hydrogen acceptors in accelerating fermentation with maceration 
extract. These observations were contirnied by Harden and Henley [1920 and 
1921, 1] with zymin. 

Recently Harden [1925], and subsequently Harden and Macfarlane [ 1928], 
made the interesting observation that the period of induction in fermentation 
by zymin in large volumes of sugar solution was appreciably reduced by the 
addition of various inorganic and organic salts. 

In the present paper the effect of inorganic and organic salts on the period 
of induction in the fermentation by dried yeast (prepared from the bottom 
type beer yeast in Japan) in the presence of phosphate has been studied in 
order to ascertain which salt would be more potent in reducing the period of 
induction, and what influence would be exerted on the period of induction 
when a mixture of salts is employed. 

Methods and kesults. 

The apparatus described by Harden, Thompson and Young [1910] was 
used. The fermentations were carried out at 25° by a suitable amount of 
dried yeast (about 0*8 g.) with 20 cc. of the various salt solutions containing 
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2 g. glucose, Na2HP04(0-04 M) and 0*2 cc. t()lucn(‘., after saturation with COo. 
The amount of COg evolved was observed at intervals of 10 minutes. The 
values of the mixtures after saturation with COo were determined colori- 
metfically in the same manner as \yas described by Biilmaiin and Katagiri 
[1927]. The values were found to be 0*3, and no difFerence in on the 
addition of the salts could be deteeted. 

For the period of induction, the intersecting ]>oint of the two tangents to 
the curves of normal fermimtation and of the initial slow fermentation was 
chosen as shown in Fig. 1. 



In order to allow for variation in the period of induction a (‘ Cor(ling to the 
sample of dried yeast, a fermmitation was always carried out in the jirescmce 
of ()-()4 M ])hosphate without any other salt. The standard induction period 
under these circumstances was taken as 100 minutes. When the oliserved 
period had not greatl}'- differed from this, the ratio (d‘ the two numbers was 
found and used as a factor to correct all the obsiu'vations of the series to the 
standard. 

When the sample of dried yeast had a considera])ly different fermentative 
power, the amount of'dried yeast taken in each series was determined by 
a preliminary test so as to obtain nearly the same standard induction period 
(100 minutes). This amount of dried yeast varied from 0*75 to ]•() g. 

In order to test- the validity of this method a series of ex})('riments was 
made with 0*75, 0-8 and 1-0 g. of very different samples of dried yeast 
(Table I, Exps. 1, 2 and 3). 

Table 1. 



Induction period (minutes) 

llelativt' 

! induction 

pcu'iod 


f - 

— 

-^ 




Na acetate {M) 

Exp. 1 

Exp. 2 

Exp. 3 

Exp. 1 

Exp. 2 

Exp. 

0 

73 

90 

JOH 

100 

100 

100 

0025 

81 

100 

123 

111 

111 

114 

005 

03 

120 

128 

128 

133 

119 

01 

95 

127 

139 

130 

141 

129 


It will be seen that the relative values agree well, although the actual 
values were, in each case, considerably different. 
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The results of the exjx^rimenis which are given in Tables I-VI show the 
average values of more than two duj)licated observations. No remarkable 
difference in the rate of evolution of COo during the rapid fermentation, in 
each series of ex])eriments, could be detected. However, when still higher 
concentrations of the salts than the maximum (‘oiicentration shown in the 
tables were employed, a nalueed rate of fermentation was always observed, 
as well as a longer ])eriod of iiiduction, as was expected from the observations 
of Harden and H^mley [1921, 2|. 

Effrct of sodium salts. 

(a) On/d me sails. Table TI (xV) sliows the etfect of the salts of fatty 
mono])asic and hydroxy-acids. 

Table TI (A). Relafnr idchictioa period leifh monobasic acids. 

(\>ru‘entrati()n of 


Na salt (J/) 

0-()2r> 

0 o:}7.) 

OO;") 

0-075 

0-1 

0-2 

Formate 

08 


90 

— 

105 

147 

Acetate 

114 

— 

119 

- 

129 

178 

Propionate 

1 12 

12:5 

138 

207 

> 250 

— 

Butyrati‘ 

104 

— 

121 

— 

>180 

— 

! soBiityrati' 

94 

— 

115 

— 

130 

— 

01yeoliat(‘ 

181 

— 

m\ 

— 

>200 

— 

Laetatc' 

no 

— 

150 

- 

215 

— 

U y (1 ro x y bn t y ra te 

102 

— 

11 I 


180 

— 


It will be seen that the period of induction is prolonged by the addition 
of these salts and the effect is moie potent as the concentration of the salts 
increases, except formate and iwbutyrate; with these a slightly reduced period 
is observed at lower concentrations. However, the observed effects are not 
the same: among the simple fatty acids formate has the least, while propionate 
has the greatest effect on the period of induction. 

The effect of the hydroxy-acids is in each case greater than that of the 
corresponding fatty acid. The order of the potency of the effect of hydroxy- 
acids is inversely pro])ortioiial to their molecular weights, while in the case 
of fatty acids no such simple relation could be observed. 

Table II (B). Relative induction period with pohjhasic acids. 

Concentration of 


Na salt [M) ... 

. 0-00625 

00125 

0-025 

0-05 

SiU'cmate 

118 

166 

198 

>290 

Fumarate 

119 

182 

>280 

— 

Malate 

128 

153 

>230 

— 

Tartrate 

155 

200 

>280 

_ 

Citrate 

270 

>300 

— 

— 


It will be seen in Table II (B) that the effect of succinate, fumarate, 
malate, tartrate and citrate is in each case greater as the concentration in¬ 
creases. The shortest induction is observed with succinate and the longest 
with citrate. Fumarate, malate and tartrate produce nearly equal effects. 

The hydroxy-acids are more potent than the corresponding fatty acids, 
and the di- and tri-basic acids have a greater effect than the monobasic acids 
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in prolonging the induction with dried yeast in presence of 0*04 M sodium 
phosphate and sugar. This variation in the magnitude of the effect on the 
induction period is probably due to the speciffc nature of the salts, that is, 
to th(' nature of their ions. 

{h) [Horgdhic Hdlffi. In order to ascertain the effect of inorganic anions, 
experiments were carried out with NaCl, NaJ, NalTCO^, Na.,SO^, The results 
are given in Table III. 

Table in. Rrhffive iiulurtion jjcriod. 

CoiK-entratioii of 


Halt (M) .. 


0 012.7 

0-025 

0-05 

0 1 

0-2 

NaCl 

97 

100 

109 

140 

272 

>500 

NaJ 

lati 

>215 

— 

— 

— 


NaH (;03 

J2a 

l.tJ 

158 

215 

-510 

— 

NaoSO^ 

lit 

124 

i:u 

190 

. 250 

— 


It will be seen that theses salts produce an idfect similar to that of the 
Na salts of orgaajic acids. Tlu^ period of induction is again prolonged by the 
addition of these salts, and tlu^ effect is greater as tlie concentration of these 
salts incr(‘ases. The oidy (‘xc(‘ption is Na(4, with which a slightly reduced 
induction period is observed at the lowest concentration. 

When the relative induction [xu’iods are plotted against the concentration 
of Na' of the salts added, the curves in Fig. 2 show the relative potency of 
tht‘ effect of their anions on the piuaod of indiudion. 


Citrate 

lAl 



Fig. 2. 

It will be seen that the iodide ion produces the greatest, and the formate 
ion the least prolongation of the period of induction. 

Effect op K, Mo, NH^ and Ca salts. 

In order to investigate the effect of cations and to obtain further evidence 
of the specific effect of anions on the period of induction, experiments were 
made with various salts (Table IV). 
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Tab](' TV. Relative imluctiov period. 


Concentration 


of salt {M) 

. 0 00625 

00125 

0-025 

0-05 

0 1 

0*2 

KCl 

88 

90 

82 

89 

no 

177* 

Kl 

109 

104 

177 

> 220 

— 

— 

KBr 

64 

.‘18 

34 

30 

26 

48 

KNOa 

110 

109 

133 

150 

207* 

>260 

K 2 SO, 

67 

47 

41 

35 

48* 

84* 

MgCL 

— 

85 

81 

73 

91 

213* 

MgSO^ 

— 

67 

47 

29 

25 

37* 

CaClo 

— 

102 

111 ) 

>210 

— 

— 

NH 4 CI 

89 

66 

58 

60 

61 

106 

(NH^hSO^ 

15 

19 

19 

23 

32* 

59* 

NH 4 acetate 

22 

17 

13 

14 

14 

13 

NH 4 lactate 

.‘12 

22 

15 

15 

14 

22 

NH 4 succinate 

22 

20 

19 

27 

32 

44* 


* Represents the point at winch a noticeably diminished fermentation rate is ob 8 er\e(i. 


It will be seen that Kl and KNO3 produce an etiect very similar to that 
ot NaT; no reduction in the period of induction is observed at any concen¬ 
tration of these salts and the period is prolonged as their concentration in¬ 
creases. However, with KCl a reduced peiiod is observ(‘d «at tlie concentTations 
of 0*05-0*00625 ; the period of induction is gradually reduced until the 

concentration reaches 0-025 M and is then prolonged as tlie (‘oncentration 
increases, K 2 SO 4 is more effective and KBr still more effective than KCl in 
reducing the period of induction. With these two salts the period is at first 
very rapidly, then very slowly reduced until the coiuTutration reaches the 
optimum, after which the period is gradually prolonged as the concentration 
of these salts incieases. 

With both magnesium and ammonium salts (chloride and siil])hate) a 
shorter period of induction is observed when these are compared with the 
corresponding potassium salts, and ammonium salts are more effective than 
magnesium salts in reducing the period. Among all the salts, CaCl^ ])roduces 
the greatest effect in prolonging the period of induction. 

These observations show on one hand the specific effect of cations, and 
on the other that of anions. It is clearly seen, for exaiujile, in Fig. 3 in which 
the relative induction periods are plotted against the concentration of 
chloride ion, that the calcium ion produces the longest and the ammonium ion 
the shortest induction period. \ Ca++ > Na+ > K > A Mg^-^ > iSrH 4 ”^. 

Tables II, III and IV show that this order does not differ greatly when 
the sulphates are compared, and organic salts (acetate, lactate and 
succinate) are much more effective than Na salts in reducing the period of 
induction. 

The interpretation of this remarkable effect of ammonium salts is not 
very clear, but it is interesting to note that no specific effect of ammonium 
ion, as compared with sodium ion, is observed on the rate of normal fermen¬ 
tation of English living yeast [Katagiri, 1926]. 

As regards the specific effect of anions, it follows from the results in 
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Tables III and JV that the iodide ion produces the longest and the bromide 
ion the shortest induction period, the order of the anions feeing as shown below: 

Nal > NaHC 03 : NaCI - i Nn^SO^, 

KT - KNO 3 * > KCl i ■ KBr. 

MgCL > MgSO,, 

NH/d : > i 

No direct com])arison of these n'sults with those of Harden and Mac- 
farlane [ 192(S] is possible, since the conditnais of the exy^eriment were difTerent 
from theirs, dried y(‘ast ])eing used instead zyinin and an addition of 
0*04 M phosphate being made. However, the results drained with KCl, 
NH 4 CI, K^,S ()4 and iMgSO^ eoincide with their observations that the induction 
period is reduced from bO to :?() minutes in tin* }>resenee of these salts, although 
the optimum (‘oneimtrations of these salts an* not quite identical. 



Thus it is concluded that among all the salts employed, NH 4 acetate 
produces the greatest effect in reducing the period of induction. When its 
effect is compared with those of Na hexosedi])hosphate and acetaldehyde, it 
will be seen (Fig. 4) that NH 4 acetate is a little more potent than acetaldehyde 
in reducing the period of induction, although Na hexosediphosphate is most 
effective. 


Effect of salt mixtures. 

In order to ascertain the combined effect of anions or cations it is necessary 
to keep the concentration of the accompanying ionic components constant. 
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' Table V. 

(A) Mixture of NA. 2^04 and (NH 4 ) 2 S 04 in the presence of ()'()4 M 


Na.S 04 

(M) 

(]SH4)g,8(t 

(if) 

Relative induction 
period 

NH4+/Na+ 

0 

0*1 

:n 

5 

0-025 

0-075 

m 

i-15 

0-05 

0*05 

43 

0-56 

0-075 

0-025 

45 

0-22 

0-09 

0-01 

.57 

0-077 

0*095 

0-005 

88 

0-037 

0-1 

0 

>250 

0 


(B) Mixture of K 2 S ()4 and KNO 3 in the presence of 0*04 M Na^HP 04 . 


K 2 SO 4 (0-5 M) 

KNO 3 (if) 

Relative induction 
period 

J SO/'/xXO^' 

0-1 

0 

37 

a 

0-075 

0-025 

51 

3 

0-05 

0-05 

m 

1 

0-025 

0-075 

128 

i 

d 

0 

0-1 

219 

0 



Fig. 5. 


It will l)e soon from Table V (A), in which mixtures of Na 2 S 04 and 
(NH 4 ) 2 S 04 in various proportions are taken and the total concentration of 
sulphate is kept constant, that the period of induction is reduced as the con- 
"centration of increases. When these values are compared Avith those 

of the individual effect of these salts, it will be seen (Fig. 5 ) that NH 4 + is 
more potent than Na+ in controlling the period of induction. In the presence 
of a small amount of NH 4 ^^ ( 0-01 M) the period of induction is remarkably 
reduced from the expected period (from about 200 to 57). The interpretation 
of these results is not very clear, but it is probably due to an antagonistic 
effect of NH 4 + to Na^. 
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When mixtures of K^SO^ and KNO3, in which the total concentration of 
K+ is kept coustant, are employed, the sulphate ion exerts an antagonistic 
effect on the nitrate ion, although th(‘ effe(‘t is not so great as was found 
with NHF and Na ^ (Table V (B)). 

In discussing the com])ined effect of Na^ and NIl4^ care should be taken 
to eliminate the effect of the sodium phosjdiate previously added. With this 
ol)ject, exf)eriments wan-e carried out with a mixtun‘ of Nlfj and Na phos¬ 
phate's in which the total com'entration oi phosphate's was lo'pt. constant. 

Table VI. 



Mixture of NaoHPO^ 

and (NIiPollPO,. 


(A) 0 04 M phospbaO'- 


(Xflp.HPO, 

Rt lative induction 


{M) 

(V) 

period 

NH+/Na-+ 

0-04 

0 

100 

0 

0 O.MS 

0-002 

44 

0 05 

0 0.40 

0-004 

2J 

Oil 

0 ():\2 

04 MIS 

18 

0-25 

0 02 

0 02 

1 1 

J 

0 00s 

0-042 

0 

4 

0 

0-04 

4 

'X) 

(1^) 0 08 M pliospliate: 

NtuTlPO. 


Ridat i\e induction 


(M) 

(M) 

period 

NHp Na^ 

o-os 

0 

>400 

0 

0 0() 

0 02 

4.4 


0 01 

0 01 

28 

1 

0 02 

0 00 

21 

4 

0 

0 08 

18 

O' 


It will be seen in Table VI (A) and (B) that the period of induction is 
n‘du(‘ed in each case' (O-Ol M and OdtS M phos])hate) as the (*oncentration of 
NH4+ increases. 

When the relative ineluctie)n ])(‘rie)els are plotteel against the ratio of NIl4^ 
and Na+ (Fig. ti), the curve's are of much the same' characte'r. A hyperbolic 
relation can he supposeel to e'xist leetween the relative ineluegion pe'riod ( T) 
and the ratio of the two ions ( A^); thus 

1 

T ^ “ constant, 

where n is a constant according to the nature of the salt; with 0*04 M phos- 
])hate }} 8 and with 0*08 31 phosphate h - 4 * 86 , 

If the ratio of NH4+ and Na^ is based on the total concentration of Na ion 
(added Na2S04 plus sodium phosphate previously added), it will he seen 
(Fig. 6) that the curve of 0*1 31 sulphate -- 0*04 31 phosphate (which is in 
corporated in Table V (A)) is again of much the same character, and the above 
equation is also applicable when -- 5 is chosen as the constant for this 
mixture. It will be considered from these results that a simple antagonistic 
relation exists between the two cations NH4+ and Na^; NH4^ acts in 
opposition to Na+ in reducing the period of induction. 
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Fig. 6 shows that this kiiKl of antagonism is also found between the two 
anions of sulphate and nitrate. 



Summary. 

1 . Fermentation by dried yeast in the presence of 0-64 M phosphate 
was observed with various concentrations of inorganic and organic salts. 

2. The period of induction was found to vary with the concentration 
and with the specific nature of the salt: both the cation and the anion, 

3 . The order of the potency of the salts in prolonging the ])eriod of 
induction was found to be i Ca+'^' > Na'** > K+ > 4 Mg++ > NH 4 '^ with 
chlorides and sul])hates, and I' > Cb > | SO 4 " with Na and K salts. 

4. It was found that NH 4 salts (acetate, lactate, succinate and sulphate) 
were nearly as potent as acetaldehyde in reducing the ])eriod of induction, 
although they were less potent than hexosediphos])hate. 

5. The combined effect of the two ions vras examined. NH 4 '^ produced 
a remarkable antagonistic action to that of Na+, and sulphatt‘ ion a slight 
antagonistic action to that of nitrate ion. 

6 . A hyperbolic relation may be supposed to exist between the induction 
period and the ratio of the concentrations of the two ions. 
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Until adequate iiiforniation regarding the chemical nature of the suhstances 
in which fatty acids arc present in blood-fat is available, little progress can 
be made with the problem of the part which phos])hatides, cholesteryl esters 
or other com])Ounds may play in the transport of fat to the tissues. That such 
information is lacking is demonstrated liy the following brief reference to 
the literature on blood-fat. 

The earlier results record figures for the total fatty acids determined in 
many cases by use of the modification of the Kumagawa-Ruto saponification 
method [1908] devised by Shimidzu [1910]. Lattcnly, an endeavour has been 
made, notably by Bloor [1915] and Bloor, Pelkan and Allen [1922] to obtain 
more detailed information by micro-analysis, in which estimations of total 
fatty acids, free and combined cholesterol and ether-soluble phosphorus have 
been carried out; and in this way evidence has been brought to bear on the 
question of the distribution of the fatty acids in the different combinations 
in which they may occur in blood. Consideration of the many results recorded 
shows, however, that very wide variations in any given value exist, and in 
some cases the findings are directly ojiposed. It is true that some of these 
variations may be accounted for by the fact that insufficient attention has 
been paid to the state of absorption of the animal whose blood has been 
investigated, but the impression remains that many of the results are due 
to the employment of methods ill-suited to the problem. 

Although this abundance of quantitative data exists, there is a dearth of 
information concerning attemjits to prepare substances in any state of purity 
from blood-fat. From time to time, claims to have obtained individual sub¬ 
stances from blood have been made, such as those of Hurthle [1895] to have 

^ It will be shown during the diacussion of the results that glyeerides are virtually absent 
from the blood of the fasting ox and that almost all the material consists of phosphorus- 
containing compounds of fatty acids, together with cholesterol and its estei's. Although “fat” 
is thus absent, we shall refer to the ether-soluble material throughout as “blood-fat” for the 
sake of ease of description, for the generic word “lipide” proposed by the International C.'ongress 
of Applied Chemistry and used by Bloor [1925] has not found acceptance in this country, and 
the variety of terms used by other workers is confusing not only to the reader but to those 
engaged in the same field. 
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prepared the oleyl, palmityl and stearyl esters of cholesterol from serum, 
and of Burger and Beumer [1913], who prepared sphingomyelin and kephalin 
from the stromata of red cells. Bloor [1923] prepared the fatty acids of plasma 
and corpuscles and studied their iodine values, and the same author [1924] 
prepared the fat from quantities of plasma up to 2 litres. To an ether solution 
of this fat he added excess of acetone, hydrolysed the precipitate and studied 
the iodine values of the fatty acids so obtained. The acetone-ether-soluble 
fraction was fractionally crystallised from alcohol and each traction was then 
saponified and the iodine values of its constituent fatty acids determined. 
As a result of these latter researches, Bloor suggests that the unsaturated 
cholesteryl esters present are either the linoleate or a mixture of the oleate 
with the esters of acids more imsaturated than oleic acid. It will be remem¬ 
bered also that the ether-soluble phosphorus of blood, of which so many 
estimations have been made, is usually recorded as lecithin, although little 
information other than that just mentioned is available regarding its nature, 
obviously on account ot the difficulty of working on an adequate scale. Our 
object, therefore, was to attempt to prepare blood-fat in a quantity sufficient 
to enable iis to submit it to chemical examination with a view to obl^iuing 
more definite information as to the compounds in which phosjihorus and 
cholesterol occurred and in the hope that such a study might result in our 
being able to express an opinion as to the validity of the results obtainefl by 
the many micro-methods of blood-fat estimation. 

Another question which we have borne in mind is whether calcium })hos- 
phatidate, which may be regarded as the parent acid of lecithin and kephalin 
(Channon and Chibnall, 19271, is present in blood. Kephalin preparations 
usually contain calcium which can be removed by shaking with mineral acid 
[Diaconow, 1867; Thudichum, 1884; Parnas, 19091. Calcium phosphatidate, 
like kephalin, is insoluble in alcohol and its calcium may be similarly removed, 
so that it is possible that this substance may be responsible for the calcium 
which usually contaminates kephalin preparations. If calcium phosphatidate 
is present in blood, the rise in ether-soluble phosphorus of the blood after a 
fatty meal, which has been observed and investigated by Bloor [1915], might 
be due to that substance which is a possible intermediate in the synthesis of 
lecithin and kephalin from the absorbed fat. Further, the study of the nature 
of blood-fat in a fasting animal may throw light on the hypothesis of Leathes 
and Raper [1925], who consider that the fatty acids of adipose tissue may be 
d'esaturated in the liver and that after being converted into highly unsaturated 
liver phosphatides they may be transported to the tissues in this form. 

Before attempting to submit a large amount of blood-fat to fractionation 
into its various constituents, it was considered wise to prepare a number of 
samples and to make determinations of the fat constants and of phosphorus 
and nitrogen on the material in order to gain some idea as to its constancy 
of composition or otherwise, and to obtain some guidance for the treatment 
of the large preparation. 
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Preparation of blood-fat. 

Our object in the preparation has been to obtain as much fat from blood 
with as little alteration of its original character, either by oxidation or by 
enzyme action, as possible. Blood contains rather less than 0-5 g. of fat per 
100 cc,, some of which is held by the protein in a form which jirevents it 
from being easily removed. The difficulties encountered in attempting to 
remove this fatty material from so complex a tissue as blood are such that 
any method must necessarily be a compromise at many points, and one of 
them is well illustrated by the work of Slumidzu [1910], who found that the 
well-known saponific'ation method of Kumagawa and Suto [1908] for the 
estimation of the total fatty acids in tissues cannot be appli(Hl to blood, a 
finding wdiich we conlirm. Rhimidzu, therefore, devised a method in which 
blood is run into several volum(‘s of alcohol and, after shaking, the mixture 
is allowed to stand for some hours. It is then filtered, and the ])rotein residue 
is extrac.ted for 6~8 hours b}’ exposure to the vapours of boiling alcohol by 
suspension in a thimbh^ over the surface of the solvent in a flask fitted with 
a reflux condenser. This alcohol extract is united with the original alcohol 
filtrate and the mixture is saponified and the fatty acids prepared by the 
Kumagawa and Suto nudhod. In spite of this rigorous treatment, some 
material which on hydrolysis gives rise to fatty acids still remains in the 
protein residue, and these fatty acids, which can only be recovered by hydro¬ 
lysis of this residue, amount to not more than 5 of the total [Mayer and 
Schaeffer, 1913]. The material obtained by the alcohol extraction (prior to 
sajionification) by the Shirnidzu method is usually dark red in colour and 
contains a large proportion of substances which do not contain fatty acids 
but which are soluble in fat solvents, possibly because of the presence of the 
blood-phosphatides. Ibuice such an extraction method, although of great 
use for estimating the total fatty acids in blood, cannot be utilised for the 
preparation of blood-fat on account of the high proportion of extraneous 
material introduced, the length of time necessary for extraction with likelihood 
of consequent oxidation, and the impossibility of extracting large amounts 
of blood-protein in an atmosphere of hot alcohol vapour. 

The alternative methods for obtainuig the blood in a suitable form for 
extraction by fat solvents are precipitation by a solvent miscible with water 
or direct drying with suitable precautions against oxidation. No satisfactory 
method of direct drying being found, we were compelled to adopt a precipi¬ 
tation procedure in which we used alcohol. 

Little advantage is gained by adding more than three volumes of alcohol 
to each volume of blood, for the increase in the percentage of alcohol in the 
filtrate by the addition of one or more volumes beyond three is relatively 
insignificant. It was decided to submit the protein residue to extraction with 
ether and not with alcohol as in the Shirnidzu method, in order to avoid 
obtaining in the extract much material not of fatty nature to which reference 
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has been made. Such ether extraction will leave a definite amount of the fat 
unextracted, but a compromise at this point in favour of obtaining a less 
contaminated product which can be more rapidly prepared appeared desirable. 
The alcohol filtrate from the precipitation was evaporated to dryness and 
the dry residue also extracted with ether, and the extracts from the two frac¬ 
tions were combined. The relative amounts of material extracted from the 
protein residue and the alcoholic filtrate depended on the time during which 
the mixture of blood and alcohol was allowed to stand, but usually up to 80 % 
of the final material was obtained from the alcohol filtrate. Consideration 
was also given to the question as to whether it would be worth while to draw 
off the oxygen of the blood by exposure in a vacuum before precipitation in 
order to minimise oxidation (the solubility of oxygen in alcohol is about 
20 times that in water). Accordingly experiments were carried out in which 
blood was treated by the method outlined above before and after removal of 
its oxygen, and iodine values were determined on the samples of fat obtained. 
Typical of these may be quoted the results of one experiment in which'the 
iodine value of the fat of the blood directly precipitated was 58*2, and that 
of the same blood which had been previously sprayed into an evacuat;ed 
flask w'as 58-9. In view of the fact that we were dealing with large quantities 
of blood, this difference w^as not considered sufficiently great to render it 
essential to remove the oxygen before treating the blood with alcohol. The 
material obtained by ether extraction of the protein residues was in all cases 
a waxy mass, golden yellow in colour, while that from the ether extract of 
the residue from the alcohol filtrates w^as reddish brown and contained much 
foreign material which was found to consist of nitrogenous substances. Since 
the bulk of the fat was obtained in the latter fraction, no useful purpose was 
served by keeping the two fractions apart and they were accordingly mixed. 

Method, 

Ox blood w^as received into oxalate at the slaughter-house and run into 
three volumes of alcohol wfithin 30 minutes of being drawn. As the animals 
usually receive no food for 24 hours before slaughter, the fat of such blood 
may be regarded as at fasting level. The mixture was then vigorously shaken 
and allowed to stand for varying times, usually 0*5 to 2 hours. In the case 
of the 40 1. quantity, it was necessary to precipitate large volumes of blood 
at one time, and these stood in alcohol for varying times up to 24 hours. 
"After standing, the naixture was filtered on a Buchner funnel. The residue so 
obtained needed considerable pressing before it became reasonably solid, and 
even then it was found to contain large amounts of solvent, for the volume 
of filtrate was never greater than 1*2 times the volume of alcohol added. The 
residue was then extracted in a Soxhlet apparatus until the ether extract was 
colourless. The original alcohol filtrate was evaporated to dryness in the 
water-bath at low pressure: after the volume had been rapidly reduced to 
about one-half, the solution frothed excessively. This frothing could only be 
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overcome by lowering the temperature of the water-bath at this stage and 
reducing the water pressure to the minimum necessary to maintain a vacuum, 
and evaporation was extremely slow. When the volume was reduced to about 
10 % of the original extract frothing ceased and the evaporation could be 
continued as before. The last stages of the evaporation were also slow, for the 
fatty material which separated at the half-way stage then formed an emulsion, 
and only by raising the temperature of the water-bath to 80"^ could the water 
b(‘ effectively removed. In the final stages, absolute alcohol was repeatedly 
added to ensure efficient removal of the remaining water. Evaporation of 
the filtrate obtained from 1 litre of blood took 7 -10 hours. The ether extract 
from the protein residue was also evaporated to dryness. The two residues 
were then washed out with ether into a stoppered cylinder and allowed to 
stand overnight. The solutions were filtered into weighed vessels, the solvent 
was removed, and a weight obtained after drying on the water-bath in vacuo. 
The material so obtained is usuall}' reddish brown in appearance and, when 
warm, transparent; when cold it has the appearance (apart from colour) of 
a mixture of jihosphatide and cholesterol, and is a sticky translucent mass. 
It contains, as we shall see later, a considerable amount of materials which 
are not truly ethei-soluble. Its solution in ether is slightly fluorescent, and 
is usually turbid. 

Determination of constants. 

Aliquot ])ortions of the ether solutions were used for dujilicate determina¬ 
tions as set out in Table I. Nitrogen was determined by the micro-Kjeldahl 
method on 20-25 mg. quantities. The low phos])horus content (1-2 %) of 
the material would entail the employment of quantities of the order of 0-3 g. 
for a gravimetric (‘stimation as magnesium pyrophosphate and we have been 
compelled in the routine determination of constants, and in the subsequent 
fractionation of the large batch of material on which a large number of 
phosphorus determinations has been necessary, to use the quinol-sulphite 
colorimetric method after oxidation of 8-12 mg. portions with sul})huric 
acid and “perhydrol.” Cholesterol was determined by the Windaus [1910] 
digitonin method. The saponification values were determined on 0-5 
to 1-5 g. portions by heating with 0*25 A (approx.) alcoholic potassium 
hydroxide for 4 hours. After titration, a considerable part of the alcohol 
was removed, and after being made strongly alkaline with potassium hydroxide 
the solution was poured into water in a separating funnel and exhaustively 
extracted with ether. The ether extract, after thorough washing with water, 
was evaporated to dryness and resaponified for one hour with sodium ethylate 
in alcoholic solution to ensure the complete hydrolysis of cholestervl esters. 
After dilution with water, the mixture was again ether-extracted. The ether 
extract was thoroughly washed with water, and evaporated to dryness in a 
weighed flask. In this way the unsaponifiable fraction was obtained. It was, 
in all cases, a hard crystalline mass, of deep orange colour, the colour being 
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due to the lipochrome pigments carotene and xanthophyll: on this material 
total cholesterol was determined. The soap solutions from both saponifications, 
together with the washing of the ether solutions, WT.re united and acidified 
with hydrochloric acid, and then extracted with ether. Difficulty has been 
encountered at this point, because acidification always causes the precipita¬ 
tion of a certain amount of slimy material which is insoluble in ether, and 
forms an emulsion at the ether-water interface. It has been our practice to 
leave this material suspended in the funnel with the first ether extract, and 
then to add to this ether extract the four or five successive ether extracts of 
the aqueous acid phase. The combined extracts were washed with water, until 
free from mineral acid, and then filtered. The insoluble material to which 
reference has just been made renders this filtration tedious. As to its nature 
we have no information, but such emulsions are encountered in the Shimidzu 
method of estimating blood-fat as pointed out by Mayer and Schaeffer [1913] 
and seem unavoidable with this type of material. The ether solutions of the 
fatty acids were evaporated, and dried in vacuo on the water-bath. The residues 
were dissolved in warm light petroleum (b.p. 40-60°) and allowed to stand 
overnight for the so-called ‘‘resinous” materials to separate out. After further 
filtration and washing of the residues, the light petroleum extracts con¬ 
taining the fatty acids were evaporated to dryness and weighed. Determina¬ 
tions of the iodine values (Wijs) and the molecular weight by titration were 
then carried out. The results are recorded in Table I. 

Table 1. Analysis of the ether extract. 


(Ali figures are expressed as a percentage of the ethei’ extract.) 


Sample No. ... 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

Mean 

Vol. of blood 

400 

300 

■10,(KX) 

1200 

ICKX) 

1000 

350 

350 

350 

350 

500 

4{K) 

_ 

u.secl, cc. 

Yield, g./l. 

4-(i0 

5-11 

3-97 


4-73 

4-19 

4-72 

4-90 

4-50 

5-47 

0-01 

0-6,5 

4-99 

N 

2-48 

2-09 

2-39 

2-15 

2-39 

2-99 

2-37 

2-38 

1-90 

2-11 

2-44 

2-40 

2-35 

V 

1-51 

1-57 

1-57 

U65 

1-02 

l-t>3 

1-00 

1-04 

1-50 

1-57 

1-37 

1-62 

1-57 

Unsap. matter 

31-55 

32-08 

31-81 

34-85 

20-44 

27-10 

27-83 

32-2fl 

31-4.5 

34-15 

29-10 

3014 

30-76 

Free cholesterol 

17-74 

16-(U 

17-04 

22-40 

14-40 

15-08 

17-41 

15-80 

17-3 

15-1 

13-50 

12-88 

10-27 

Cholesterol as 

8-22 

6-96 

6-43 

7-88 

8-85 

7-14 

8-69 

7-18 

10-39 

14-08 

13-21 

15-50 

9-53 

ester 

Unsap. matter 
other than 
cholesterol 

5-59 

9-08 

8-34 

4-51 

319 

4-34 

1-83 

9-31 

3-7() 

5-27 

2-45 

1-70 

4-95 

Fatty adds 

36-0 

30-0 

32-5 

34-8 

37-7 

34-9 

37'9 

30-7 

38-3 

35-5 

32-7 

35-3 

34-7 

Iodine value 

— 

— 

m 

91-6 

87-8 

89-3 

87*5 

94-4 

92-9 

97-3 

110-2 

117’7 

97-5 

Mol. wt. 

— 

— 

294 

298 

298 

304 

311 

294 

310 

294 

307 

305 

301 


Discussion. 

The proportion of fat extracted. 

The figures in Table I show that the mean average phosphorus content 
of 12 samples of fat is 1-57 % P {extreme values 1*37, 1'66 % P), which, 
corresponds to 7'78 mg. P per 100 cc. blood. Determinations of the ether- 
soluble phosphorus of 15 samples of ox blood gave a mean value of 
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9*8 mg./lOO cc., which suggests that the method used has resulted in the 
extraction of 80 % of the ether-soluble phosphorus present. In order 
to gain further information as to the proportion of material obtained, the fat 
was prepared from a number of samples of blood, and at the same time 
determinations of the sum of the amounts of unsaponifiable matter and fatty 
acids were made on 50 cc. portions of blood by the Shimidzu [1910] method, 
save that the protein residues were not hydrolysed. In the calculations of 
the percentage yield allowance has been made for the fact that up to a further 
5 % of material may be obtained from the hydrolysis of these residues. The 
results are recorded in Table 11. 


Table II. Fatty acids and unsaponifiable matter extracted^ calculated on 
the yields obtained by the Shimidzu method [1910], 

(Results expressed in cc. blood.) 


Fatty aciiln 

1791 

150-4 

174-9 

194-4 

212-0 

239-0 

U J 1 sa p( j n it ia ]) lo in a 11 e r 

152 4 

130-3 

143-5 

189-0 

170-4 

180-4 

Total 

331-5 

287-0 

318-4 

383-4 

382-4 

419-4 

Fatty acidH and nnaap. matter (Shinudzu) 

3b9-<) 

3t)l-4 

3()5-2 

433-8 

430-0 

5150 

Percentage yield 

H5-2 

75-3 

82-8 

84-0 

84-5 

77-2 


The mean figure for the yield expressed as a percentage of that of the 
Shimidzu method is 8b5 %. This figure is similar to that obtained for the 
proportion of phosphorus extracted, and it seems justifiable therefore to 
consider that the fat extract is probably fairly representative of the whole. 

One further point needs mention. With small quantities of blood, ether 
extraction of the protein residue is readily accomplished. With larger quan¬ 
tities, such extraction is more difficult, and although every care was taken 
to see that thorough extraction was obtained, it is possible that some of the 
variations in yield may be accounted for to some extent by this fact. This 
remark applies in particular to the 40 1. quantity. 

We have discussed the method of preparation and the question of the 
proportion of fat extracted somewhat fully because it was the one finally 
adopted, and because that used by Bloor [1924] in the simpler problem of 
preparing fat from plasma seemed to us unsatisfactory. 

Consideration of Bloor's results, in which 16 samples of ox blood-plasma 
varying in volume from 500 to 2880 cc. were used, shows that the yield of 
phosphatide fatty acids varies from 0*0021 to 0*0799 g./lOO cc., while in 
5 cases apparently no phosphatide fraction was obtained, for the yields of 
fatty acids are not recorded. These results may be calculated in terms of 
ether-soluble phosphorus (fatty acids = P x 18*26), and such calculation 
shows that the average yield of fatty acids from the phosphatide fractions 
corresponds to an extraction from the plasma of 1*06 mg. of ether-soluble 
phosphorus per 100 cc. (extreme values 0*11 and 4*37 mg.), whereas the 
average figure obtained by us in direct determination of the ether-soluble 
phosphorus of 12 samples of ox blood-plasma is 6*62 mg./lOO cc. Hence the 
method used by Bloor appears to have resulted in his obtaining an average 


43—2 



670 H. J. CPIANNON AND G. A. COLLINSON 

yield of not more than 16 % of the phosphatide fatty acids present in the 
plasma. Bloor also points out that early in his work it was discovered that 
the fat obtained contained free fatty acids which were removed and weighed. 
In this connection, analysis of the results from the four samples for which 
the data are most complete shows that in these four cases the material con¬ 
tained from 10 to 33 % of its content of fatty acids as free fatty acid, and 
these free fatty acids must have resulted from decomposition of some part 
of the fat during the preparation. Bloor comments on the low yield of fatty 
acids from the phosphatide fractions, and suggests that “insoluble residues 
are formed at certain points in the procedure which probably contained the 
altered phospholipoid; also, that in carrying out the various processes some 
of the lipoid was probably decomposed. The fact that a considerable amount 
of free fatty acid was always present in the lipoidal material, which would 
hardly have existed in the plasma itself, bears out the latter explanation.” 
A material such as this, containing a large proportion of decom])osition 
products, and only a small proportion of the phosphatide present in the 
plasma, which phosphatide may or may not be representative of the whole 
in the degree of unsaturation of its acids, appears to us to be unsatisfactory, 
and the conclusion drawn from its analysis open to doubt. 

The fat prepared from blood by our method has never contained free 
acid, while it has been pointed out that its phosphorus content corresponds 
to an extraction of about 80 % of the ether-soluble phosphorus present in 
the blood. 

In view of Bloor’s experience with plasma, we submitted 25 cc. portions 
of 11 samples of plasma to the method which we have used for whole blood, 
in order to determine what proportion of the ether-soluble phosphorus was 
extracted, and whether the material contained free acid. The results ar(‘ 
recorded in Table III. In no case did the extracted fat contain free acid. 
It is seen that about 80 % of the ether-soluble phosphorus ])resent in the 
plasma has been obtained in the fat. 

Table III. 

(IMasrna: ethw-solublp phosphurus determinations and pen'entage of phos[)hfjrijs oxtraotod.) 


Elhor-solublo P, 

(v04 

T-(i2 

9-57 

7-(>0 

G-39 

8-43 G-53 

5-59 

4-21 

5-79 

G-73 

4-92 

Mean 

G-02 

mg./100 (‘c. 

Wt. of fat. 

0-r)12 

0-504 

()'721 

0-621 

0-512 

0-770 — 

0-452 

0-326 

0-489 

0-555 

0-433 

0-536 

g/lOOoo. 

P ah % of fat 

i-o:^ 

OPl 

M9 

1-08 

0-92 

1-02 — 

1-04 

0-89 

0-91 

0-87 

1-01 

0-09 

P in fat a.s mg./ 

5-27 

4-5G 

8-G2 

G-73 

4-71 

7*88 — 

4-7G 

2-91 

4-43 

4-84 

4-37 

5-37 

1(X3 cc, ])laisma 
Percentagt‘ of P 

87 


90 

89 

74 

93 — 

85 

69 

75 

72 

89 

80 

extracted 














Absence of glycerides. 

The initial observation to be made from the figures of Table I is that the 
aum of the average values of the total unsaponifiable matter (30'76 %) and 
of the fatty acids (34-69 %) is only 65-45 % of the material. This will be 



BLOOD-FAT 


()71 

accounted for in part by the fact that lecithin on hydrolysis yields but 70-H % 
of its weight of fatty acids, but the greater part of the difference is due to 
the presence of extraneous nitrogen in the material. Before discussing this 
matter further, attention may bg drawn to the amount of fatty acid which 
percentages of phosphorus and cholesteryl ester required, and which are set 
out in Table IV. It will be seen that there is, in general, fair agreement 
between the percentage of fatty acids found and those (calculated on the 
basis of the phos])horus being present as lecithin and the cholesteryl ester as 
stearate-. 

Table IV. Fatfij aci(ic>. 

Sainplr Xo. 

J’hnsph'iti(l(* f:ilty acids 
(T lS-2(i) 

)''atty acids coinUincd 
uilii t‘h(ilcs((*n»l (chiflc- 
slcryl csfcr - 

Total 
Found 

If such calculations are justified, it is clear that there can be little glyceride 
present, a conclusion which the later fractionation of the fat from 40 1. of 
blood showt'd to b(' correc't. In Table V are recorded the pertauitages of 
lecithin, (*holesterol, chol(\steryl ester and unsaponihable matter other than 
sterol in the fat, what little glyceride lh(‘re is present being neglected, the 
object being to gain an approximate hgure for the ])ercentage of non-fatty 
material preseiit. 

Table V. 




(.\11 tigiiros are 

e\])iesse 

d as a 

])ercentagi 

c of the 

Uat.) 





Sauiph' No. 

1 

2 

3 

1 

3 

6 

7 

8 

9 

10 

11 

12 

Lecithin (]’ 26) 

39-22 

40-78 

■10-78 

12-83 

•12-07 

12-34 

13-il 

12-39 

10-32 

40-78 

33 82 

39-48 

Cholcsiet'ol 

17-71 

16-01 

1761 

22-16 

1 1-40 

13-6>,s 

17-11 

13-8t) 

17-36 

13-10 

13-30 

22-32 

12-88 

Pholesioj'vl stearate 

13-69 

11-76 

if)-8»; 

13 30 

J l-!)3 

12-06 

1 1-31 

12-13 

17-31 

23-77 

23-(H) 

Uusap. jiiattcr other than 

3-3!) 

9-08 

h-31 

4-51 

3-19 

1-31 

1-83 

!)-31 

3-7<) 

3-27 

2-43 

1-76 

cholesterol 

Total 

76-11 

77-t)t) 

77-02 

8312 

74-61 

71-12 

7t!-8() 

79-83 

7!)18 

81-92 

74-()!4 

79-12 

Residue; not fat 

23-36 

22-31 

22-98 

lt)-88 

23-39 

25-38 

23-11 

20-17 

20-82 

13-08 

23-91 

20-88 


^ From this point onwards, nilfulations involvincr the pliosphatido will bo made* as has boon 
done by previous workers on the basis of stearyboleyl-leoithin {N ~ 1-74 P -.bSo laity 
acidsP X 18-20); the cholesteryl (‘ster will be rof^arded as eholosteryl stearate, an assumption 
which will subsequently be shown to be suffieiontly aceiirate for the purpose of ealciilation. 

2 As pointed out on p. 6(18, difficulty has btam encountered in extracting the fatty acids 
from the acidified soap solution on account of the prosenoo of emulsions. Another difficulty 
which we have failed to overcome is that on no occasion liave wo obtained fatty acids which 
appeared “clean,” in spite of the fact that attempts were made to remove what appealed to be 
resinous materials by second and third treatments with light petroleum. The same difficulty 
has bt^n encountered by Rosenthal and Trowbridge [I915i using the Shimidzu [1910! method. 
Hence we cannot feel confident that the figim^s recorded in the above table ar(‘ more aoeurate 
than to within possibly 5 %. We are investigating this matter further. 


(Pigurc^ arc o\'p)vssc<l as a porcoritago nf fhe fat.) 


1 

27-6 

o 

28 7 

3 

28-7 

1 

30-1 

2!)-6 

6 

2!) 8 

30-3 

8 9 

29 9 28 5 

10 

28-7 

11 

23-0 

12 

27-7 

6-0 

3-1 

t 7 

3 8 

ti-3 

32 

6-3 

3-3 7-<; 

10-3 

9-9 

11-4 

33-() 

:u 8 

.33-1 

.33 }t 

.36-1 

.36 0 

36-6 

33 2 36 1 

39-0 

31-9 

30-1 


;-!{)•() .IT-T 2i-9 ;u-9 :to-7 ds-d Tvr) 22T 
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Presence of excess of nitrogen. 

The sum total of these constituents is never greater than 83 %, and up 
to 25 ^0 of the material consists of nitrogenous substances, as is shown by 
the excess of nitrogen over what is required by the phosphatide present. In 
the following table, the nitrogen percentage in excess of what is required 
by the phosphorus content and a N : P ratio of unity is shown, together 
with the percentage of non-fatty material (from Table V); the nitrogen 
percentage of the latter has been calculated. 


Table VI. The excess nitrogen expressed as percentage of the fat. 


Sample No. 

1 

2 

3 

■1 

5 

(i 

7 8 

9 

10 

11 

12 

N reauired if P is caleu- 
lateo as lecilhin 

(K)8 

0-71 

0-71 

0-74 

()-73 

; 0-74 

0-75 0-74 

0-70 

0 71 

0-62 

0-68 

N found 

Excess N 

2-18 

1-80 

2-(if) 

1-38 

2 39 
1-08 

215 

Ml 

2-39 

' 2-99 

1 2 25 

2-37 2-38 

1-52 i-m 

1-96 

1-26 

2-1L 
1-40 

2 41 
1-82 

2-46 

1-78 

Kesidue not fat (from 
Table V) 

23 5(i"" 

22-34 

22-98 

l(v88 

25-39 

25-58 

23-14 20-17 

20 82 

15-08 

25-91 

20*88 

fS" percent,'^j(* in residin' 
not fu( 


(>•18 

7-31 

8-35 

0-51 

8-80 

7-00 8 13 

(;-05 

9-31 

7-03 

8-54 


The fact that an alcohol extract of a tissue may yield phosphatide pre¬ 
parations which contain far more nitrogen than is required by the amount 
of phosphorus present was shown by MacLean [1912] in his investigations 
on horse kidney, where the alcohol extracts yielded phosphatide material 
having N : P ratios varying from 4 : 1 to 1-5 : 1. He found that this excess 
of nitrogen was due to the fact that in the presence of phosphatidos certain 
unknown nitrogenous substances are carried into solution and act as though 
they possessed all the properties of the phosphatides themselves. They can 
be removed in one way only, namely, by precipitation of the phosphatide 
emulsion in water by the addition of acetone. The nature of the comf>h‘x 
mixture of these nitrogenous materials which accompany the phosphatides is 
discussed at length by MacLean and Smedley-MacLean [1927] under the generic 
name carnithin, where it is shown that the average nitrogen content of various 
samples was 6 % nitrogen and that substances with a nitrogim content of 
28*5 and 40 % have been isolated from the mixture. It may be wondered 
why no attempt ’was made to remove this material from the blood-fat. The 
reasons are that acetone precipitation of an aqueous emulsion of the material 
.results, as would l)e expected, in considerable losses of material which remains 
in the aqueous phase. The process needs repetition, and further it was con¬ 
sidered preferable to analyse the fat, contaminated as it was with this material, 
rather than to remove it and obtain a purer preparation which might not be 
representative of the whole. Attempts were made to obtain fat from blood 
which did not contain this excess nitrogen by the use of different solvents, 
but these were unsuccessful. That the nitrogen percentage of the non-fatty 
residue in our material is higher (7-58 %) than that recorded by MacLean 
(6 may be due to the fact that calculation has been made of the nitrogen 
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required by the phosphorus on the basis of a N : P ratio of 1 (lecithin and 
kephalin) whereas it will be shown subsequently that some part, at least, of 
the blood-phosphatide may be sphingomyelin (N : P ^ 2 : 1, fatty acids ^ 
P y 12), the presence of which in red cells Blirger and Bcumer [1913] claim 
to have demonstrated. On the other hand, the high and variable contents 
of nitrogen in the different substances obtained from samples of carnithin 
show how complex a mixture it is, and hence a constant nitrogen content 
is not to be expected. 

Fat ft/ arfJs, 

The average figures for the molecular weigftts and iodine values of the 
fatty acids are 301 and 97-5 respectively. Of the figures available concerning 
the iodine value of blood-fatty acids, mention may be made of the finding 
by fmri(^ [1915] of an iodine value of 73 in a case of lipaemia, and of the 
results of Boggs and Morris [1909 j. who found that the iodine value of the 
fatty aqids of the blood of rabbits rendered lipaemic by bleeding varied from 
105 to 134. Chonka [1918] obtained a value of 87 for the liquid fraction of 
the mixed fatty acids of normal human blood (48 % of the total fatty acids) 
which (‘orresponds to a value of 41. Bloor [1923] found an average iodine 
value of 147 for the liquid fraction of the fatty acids from 16 samples of ox 
blood-plasma. The licjuid acids constitutcal 74 % of the total acids which, 
therefore, had an iodine value of 109 as against 97-5 found by us for those 
of V hole blood. The higher figures obtained by Bloor may he due to the 
fact that he removed from the acids during the leatl salt separation about 
15 of material, tin* lead salt of which w*as insoluble in hot alcohol and 
wdiich on decomposition }7elded a residue of low^ iodiin' value. The weight of 
this material w^as not included in the calculation of the percentage of the 
total acids which the liquid fraction represented, and its inclusion w'ould lowTr 
the iodine value of the mixed acids to about 100. There, is little doubt that 
the iodine values of the blood-fatty a(uds are higher than those recorded in 
this pa])er, for the nature of the starting material and the lengthy operations 
involved in their preparation must result in some degree of oxidation occurring 
in spite of the precautions taken to avoid it. Further, as has been jminted 
out already (p. 671 note 2), we think that the fatty acids have been con¬ 
taminated by some other material which w^ould also tend to lowu^r the iodine 
values. That such contamination may exist appears to be boriie out by the 
fact that the average molecular wTight of the fatty acids is 301 (stearic acid 
has M.wu 284). Although, as wdll be showm subsequently, we have obtained 
from blood what appears to be lignoceric acid (m.w. 368), the amount present 
does not seem to be sufficiently great to account for the high molecular w^eight 
of the blood-fatty acids. 

We have discussed all results in terms of percentages of the fat itself, and 
for the more physiological considerations some of them have been converted 
into yields expressed as mg. per 100 cc. of blood in Table VIL 
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Table VTI. 


(All figures art* expivsseti as nig./lOO cc. blood.) 


Sample No. 

1 

2 

3 

5 

6 

7 

8 

9 

10 

11 

12 

P 

b-95 

8-02 

6-23 

7-66 

6-8.3 

7-83 

8-03 

7-11 

8-59 

8-23 

10-10 

Fatty aeidn combined 
with P (P V 

126-9 

146-4 

113-8 

139-9 

124-7 

143-0 

146-7 

129-9 

156-8 

15t)-3 

184-5 

P'atty acids combined 
■vnth cholesterol 

27-83 

26-16 

18-78 

30-80 

22-01 

20-83 

25-88 

31-85 

56-63 

58-41 

75-82 

Total fatty acids 

151.7 

172-6 

132-6 

170-7 

146-7 

172-8 

172-6 

l(U-8 

213-4 

208-7 

260-3 

Total fatty acids 
found 

165-6 

153-5 

129-0 

178-3 

146-2 

178-8 

150-4 

174-7 

194-2 

196-4 

235-0 

Free cholesterol 

81-62 

81-96 

67-64 

68-13 

65-69 

82-15 

77-43 

78-89 

82-6 

81-14 

85-66 

Cholest<'rol as ester 

37-82 

35-56 

25-53 

41-86 

29-91 

40-54 

35-18 

47-37 

77-00 

79-39 

103-0 

Ilnsap, matter other 

25-71 

46-39 

33-11 

15-09 

18-19 

8-t)4 

45-6 

17-15 

28-82 

11-72 

11-70 


than stertd 

If allowance be made for the amount of material other than fat present 
in the ether extract, it may be calculated that the yield of fat varies from 
3*05 to 5-34 g./L with a mean value of 3*97 g./l. The yield of fatty acids 
varies from 1*29 to 2*35 g./l., giving an average figure of 1*73 g./l., while the 
corresponding figures for the unsaponifiable fraction are 1*138 and 2*004 g./L, 
and 1*520 g./l. respectively. Thus the sum of the yields of unsaponifiable 
matter and fatty acids is 3*267 g./L, and the unsaponifiable fraction thus 
constitutes 46*8 % of this material, with values varying not greatly from th(‘ 
mean, viz. 42*3 to 49*5. Bloor [1923] obtained for the sum of the unsaponi¬ 
fiable matter in fatty acids an average yield of 3*01 g./l. from plasma, and 
found that the unsaponifiable matter constituted 43 % of this total. The 
unsaponifiable matter contains on the average 84 % of sterol precipitable by 
digitonin. 

Although the saponification values of the fats were determined, they have 
not been recorded because the presence of the nitrogenous material already 
discussed vitiates them. They were carried out in the hope that if any con¬ 
siderable amount of glyceride -were present in any sample of fat it would 
make itself obvious by raising the saponification value obtained. The mean 
of these values was 117, 


Summary. 

1. A method is described by which 80 % of the fat present in blood may 
be extracted. The material so obtained contains considerable quantities of 
nitrogenous substances. 

2. Fat has been prepared from 12 samples of ox blood at fasting level, 
and a study has been made of its composition by determination of the fat 
constants and of phosphorus and nitrogen. 

3. The amount of fatty acid present varies little from that required if 
the phosphorus of the fat be calculated as lecithin, and the cholesteryl ester 
as cholesteryl stearate, which suggests that glycerides are not present in 
appreciable quantity. 
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LXXVIL THE UNSAPONIFIABLE FRACTION 
OF LIVER OILS. 


V. THE ABSORPTION OF LIQUID PARAFFIN FROM 
THE ALIMENTARY TRACT IN THE RAT 
AND THE PIG. 

By HAROLD JOHN CHANNON 
AND GEORGE ARTHUR COLLINSON. 

From the Department of Eipenmentat Pathology and Cancer Research, 

University of Leeds. 

{Rece^v^ed Jane 18th, 1929.) 

The researches of a number of workers, which have been inulertaken in recent 
years in an attempt to elucidate the question as to the chemical nature of 
the unsaponiliable fractions of liver oils, have revealed the fact that such 
fractions may contain a number of hydrocarbons and alcohols ol var}'in^ 
chemical structure. Of the alcohols, mention may ])e made of the occurrence 
in certain fish-liver oils of batyl, selachyl and chimyl alcohols [Tsiijimoto 
and Toyama, 1922; Toyama, 1923,1: 1924,1,2; Drummond and Baker, 
1929J, The chemical nature of these dihydric alcohols was studied by Tsuji- 
moto and Toyama [1922] and by Toyama [1924, IJ and later ])y Heilbron 
and Owens [1928] and Drummond and Baker [1929], who showed that they 
were the monoglyceryl ethers of octadecyl, oleyl and cetyl alcohols respec¬ 
tively. The presence in fish-liver oils of cetyl and oleyl alcohols has also lieen 
reported [Toyama, 1922; 1923, 1], while the latter alcohol has been found 
also in arctic sperm oil [Tsujirnoto, 1925]. In addition to these alcohols, the 
presence of three hydrocarbons in various liver oils has been demonstrated. 
The unsaturated hydrocarbon, squalene, occurs in a large number of shark- 
liver oils [Tsujimoto, 1906; 1917; 1920, 1,2] and, in traces, in cod-liver oil 
[Drummond, Channon and Coward, 1925; Drummond and Baker, 1929], and 
has been shown by Heilbron and his colleagues [Heilbron, Kamm and Owens, 
1926] to be a dihydrotriterpene. In mammalian liver, a hydrocarbon of 
similar chemical nature to squalene occurs [Channon and Marrian, 1926], 
A third hydrocarbon is t6*ooctadecane which has been obtained from fish- 
liver oils by Tsujimoto [1917] and Toyama [1923, 2]. 

The question thus arises as to the source and possible function of these 
alcohols and hydrocarbons, and in particular whether they are present in 
these unsaponifiable fractions as a result of their occurrence in the food 
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ingested, or whether tliey are synthesised by the organism and play some part 
in the metabolism of fats or substances of allied nature. With these possi¬ 
bilities in mind, we have been investigating the ability of the mammal to 
absorb these unsaponifiable substances from the alimentary tract. The study 
of the absorption of substances other than fats but resembling fats in physical 
properties began with the researches of Munk, who found that when he ad¬ 
ministered cety] palmitate to a patient with a lymph fistula he was unable to 
demonstrate the presence either of the ester or of the alcohol in the chyle 
[Munk and Rosenstein, 1891]. Later Connstein |1899j reported that almost 
all of the "20 g. of lanolin which he administered to a dog was excreted in 
the faeces, while Henriques and Hansen [1900] on administ(*ring a mixture of 
vaselin and lard to rats found that 95 % of the vaselin was excreted. Again, 
Bloor [19131 administered a liquid hydrocarbon mixture and also vaselin 
alone aiid in emulsions in olive and cocoanut oils, and recovered in th(' faeces 
85 100 of the hydrocarbons administered. He also gave similar mixtures 
to animals with thoracic fistulae and prejjared the unsaponifiable fraction from 
th(* chyle. This was found in every case to be a solid melting about 110^ 
{cholest(‘rol has M.r. 149-5^ ). These results, therefore, show that althcuigh these 
unsaponifiable su))stan(‘eB can be readily emulsified in the small intestine, they 
remain unabsorbed: and, since fats themselves are readily absorbed, such results 
})rovide weighty evidence against the occurrence of })articulate absorj)tion. 
S()m(‘ of the more recent work, however, secuns to suggest that unsaponifiable 
substances may be absorbed to some extent, at least. Thus. Thomas and 
Flaschentriiger [ 1923] n'ported that cetyl alcohol was absorbed to sorin' extent 
by the dog. and that the rat can also absorb this substance has lieen shown 
by Carter and Malcolm 11927] and (diannou and (''ollinson [1928]. In addition, 
tlie latter authors carrii'd out ex])eriments with olevl alcohol and phytol, and 
absorption of both these alcohols was fouiid to o(‘cur in rats. The results of 
the experiments with phytol, cetyl and olevl alcohols suggested that their 
absorption had caused an increase in the amount of unsaponiliable frardion 
of the liver, although the difficulty of identifying such substances in the small 
amount of material available prevented their actual isolation. Tlu' fact that 
they are absorbed, however, would possibly explain their a}>])earance in the 
unsaponifiable fractions of certain liver oils. 

The presence of hydrocarbons in the unsaponifiable fractions of liver oils 
suggested that a study of the question whether hydrocarbons could be 
absorbed from the small intestine should be undertaken afresh, and it was 
shown in a previous paper [Channon, 1926] that the unsaturated hydrocarbon, 
squalene, was absorbed by the rat and appeared in the liver. This finding, 
coupled with the occurrence of i,vooctadecane in fish-liver oils, made it appear 
wmrth while to investigate the question as to w^hether liquid paraffin was 
absorbed from the alimentary tract. Our reasons for re-opening this (]uestion 
in the light of much contyary evidence have been that considerable diffi¬ 
culties arise in determining whether absorption of unsaponifiable substances 
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in small amounts occurs. Hitherto, evidence has been sought in one of two 
ways. Substances have been administered by mouth and the chyle has been 
collected and examined for the particular substance, or, alternatively, after 
administering a known amount of the substance an attempt has been made 
to determine the amount excreted in the faeces during the experimental 
period. Apart from the known experimental difficulties of the first method, 
there is the greater one that the identification of unsaponifiable substances 
generally is one necessitating a large amount of material and, although the 
unsaponifiable fraction of the chyle fat may be prepared, the separation of 
unsaponifiable substances of similar chemical and physical properties is im¬ 
possible, unless an individual substance constitutes a considerable proportion 
of the material available. The intake and excretion method suffers from the 
same difficulty, and in most cases the difference between the weights of the 
unsaponifiable fraction of the faeces from the control group of animals and 
that from those receiving the substance has to be taken as the amount of 
the substance excreted ; an uncertain proceeding when it is remember(‘d that 
fae(*es normally contain a high and variable content of unsaponifiabh^ 
substances. 

Since the results with squalene showed that this hydrocarbon could be iso¬ 
lated from the animars liver after absorption, and those with cetyl and oleyl 
alcohols and phytol also suggested that some part at least of any unsaponifiabh' 
material absorbed by an animal would be found in that organ, we decided 
that a study of the unsaponifiable fractions of the livers of animals which 
had received liquid paraffin in their diet might provide a more delicate test 
as to whether the latter were absorbed. As liquid paraffin is a mixture of 
saturated hydrocarbons, the iodine value of the unsaponifiable fraction of 
the livers of animals receiving it in their diet should show a fall compared 
with that of the livers of the animals receiving the control diet only. The 
unsaponifiable fraction of mammalian livers consists largely of cholesterol, 
which may comstitute up to 85 % of the fraction. Hence it will be necessary to 
remove the cholesterol quantitatively by means of digitonin, and determine 
the iodine value of the sterol-free material so obtained, or alternatively to 
determine the iodine value of the unsaponifiable fraction and to estimate 
quantitatively the amount of sterol present in it. Calculation of the iodine 
value of the sterol-free material may then be made, by making allowance 
for the amount which the cholesterol present contributes to the iodine value. 
A difficulty with the latter method has hitherto been that cholesterol behaves 
abnormally with iodine solutions [Smedley-MacLean and Thomas, 1920]. This 
difficulty has now been overcome by the introduction of the pyridine sulphate 
dibromide method of Rosenmund and Kuhnhenn [1923] as described by 
Dam [1925]. This method has been shown by Dam and later by Copping 
[1928] to give theoretical values with cholesterol, and it possesses the further 
advantage that it can be applied to very small quantities. 
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Exj)s. 1 and 2, Administration of liquid paraffin io rats. 

A control group of rats was fed on the synthetic diet described by 
Drummond and Coward |1920J, while 5 % of liquid paraffin, without ])revious 
emuLsification, was mixed with the diet of the experimental group. The 
animals were maintained on these diets for 5 weeks, after which they were 
kept wdthout food for 24 hours and killed. Their livers were removed and 
weighed, and the unsaponitiable fractions prepared from them by the method 
pnwiously described [Channon, 1925]. Aliquot portions of the unsaponitiable 
fractions were then used for determination oi the sterol content by the digi- 
tonin method [Windaus, 1910] and of the iodine value [Dam, 1925]. In a 
second experiment the fuocedure was exactly repeated. The results so 
obtained are re(‘ord(‘d in Table I. 


Table I. 

Animals recseiving Animals receiving control 
control diet diet plus liquid paraftin 



Exp. 1 

Exp. 2 

Exp. 1 

Exp. 2 

No. of animals 

0 

0 

6 

0 

Wt. of livers, g. 

320 

39-7 

41-0 

43-5 

(r/) Wt, of nnsap. fraction, g. 

0-0905 

0-1447 

O'] 800 

0-2122 

(/;) Wt. of cholesterol in (a), g. 

0-0092 

0-1200 

0-0810 

0-0930 

(r) Wt. of material otlnn' than sterol in (a) 
(bj- dilfcrcncc), g. 

0-0273 

0-0247 

0-1050 

0-1180 

iodine value of {a) (Dam) 

78-0 

77-7 

47-2 

45-1 


The results are rendered more lucid by the figures in Table II, in wffiich 
are recorded the yields of unsaponifiable material per 100 g. of liver and the 
percentage of cholesterol in the unsaponifiable fraction. With the knowledge 
of the cholesterol percentage and that cholesterol has an iodine value of 65-8, 
it is possible to calculate, from these figures and the iodine value of the urn 
saponifiable matter, the iodine value of that part of the latter which is not 
sterol. Thus in the control group of Exp. 1, the unsaponifiable matter, which 
has an iodine value of 78-56, contains 71*69 % of sterol. The iodine value (x) of 
the non-sterol fraction may thus be calculated as follows: 

nr 

The results so obtained are also recorded in Table II, together with the mean 
values of the figures from the two experiments. 

From the mean values it is seen that the yield of unsaponifiable matter 
from the livers of the animals wdiich received liquid paraffin has increased 
by 40 % over that of the control groups, wffiich suggests that some of the 
liquid paraffin has been absorbed and has appeared in the liver. This result 
seems to receive support from the degree of unsaturation of the non-sterol 
portion of the unsaponifiable fractions, for, whereas the iodine value of the 
material other than sterol is 118-8 in the control group, it is only 30-8 in the 
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case of the animals to which liquid paraflhn had been administered. Moreover, 
the percentage of non-sterol material in the unsaponifiable fraction of the 
livers of the control group is only 22*68, as against 56*17 in the case of the 
animals which received paraffin. 


Table II. 


Exp. 

No. 

Animals 

(tt) Unsap. 

matter 
per 100 g. 
liver 

Cholesterol 
in (a) 

0 / 

/O 

Material 
other than 
cholesterol 
in (a) 

Iodine 

value 

Iodine value 
of the 
non-sterol 
fraction 
of (u) 

receiving 

g* 

o 

/O 

of (a) 

(calc.) 

1 

Control diet 

0-3016 

71-69 

28-31 

78-6 

110-9 

2 

Control diet plus 

0-3645 

82-94 

17-06 

77.7 

135-8 

1 

0-4536 

43-66 

56-44 

47-2 

32-7 

2 

liquid paraffin 

»» 

0-4877 

44-10 

56-90 

45-1 

28-8 

Mean values 

Control diet 

0-3330 

77-82 

22-68 

78-1 

118-8 


Control diet plus 

0-4707 

43-83 

56-17 

46-1 

30-8 


liquid paraffin 

With the other results already reported [Channon, 1926; Channon and 
Collinson, 1928] figures for the amount of unsaponifiable matter per 100 g. 
liver and its percentage content of cholesterol have been obtained from de¬ 
terminations on upwards of 200 rats. For this large number of determinations 
the mean value of the unsaponifiable fraction is of the order of 0*42 g. per 
100 g. liver, of which 73 % is sterol precipitable by digitonin, while 27 % 
is composed of material other than sterol. These figures are mentioned 
here because, although the percentage of sterol in the unsaponifiable fraction 
of the control groups in the experiment under discussion is of the same order, 
77*82, the yield of unsaponifiable matter per 100 g. of liver, 0*3330 g., is 
considerably lower than the average value worked out on the large numbers 
of livers to which reference has just been made. As to the reasons why the 
yields of unsaponifiable matter per 100 g. of liver in the control groups of 
these two experiments are considerably below the mean value found for the 
large number of animals, we have no information, for the diet in this and 
previous experiments has been the same, although the ages of the rats have 
varied. Hence no reliance can be placed on conclusions drawn from the 
figures obtained in these experiments for the yield of unsaponifiable matter 
per 100 g. of liver only. On the other hand, the significant result of these 
experiments is that, in the control animals, the material other than sterol in 
the unsaponifiable fraction constitutes but 22*68 % of the whole and has an 
iodine value of 118*8 as against 56*17 % and 30*8 for the corresponding 
figures in the animals which received paraffin. These results seem fairly con¬ 
vincing proof that some liquid paraffin has been absorbed and has found its 
way into the liver, to cause an increase in the amount of the unsaponifiable 
fraction and a consequent reduction in the percentage of cholesterol present 
and the iodine value of the material other than cholesterol. On the other 
hand, as has been pointed out already, the iodine values of the material 
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other than sterol have been calculated from the iodine value of the whole 
unsaponiliable matter by making allowance for the amount of cholesterol 
present. Since cholesterol gives theoretical results by the iodine method 
employed [Copping, 1928J, this calculation seems to be sound. On the other 
hand, sterols tend to behave abnormally towards iodint' solutions and, since 
these results seem directly opposed to those of the workers discussed in the 
opening paragraph of this paper, we have carried out a further experiment 
on larger animals (pigs) and attempted to isolate the hydrocarbon fraction 
in some state of purity, to avoid the doubts which calculated results inevitably 
raise. 


Ejp. 3. AJfninistration of liquid paraffi/i to pig,^. 

Two pigs received a di<*t consisting of a mixture of barley meal 12 parts, 
wliite fish meal 1 ])art, and sharps 6 parts. Before the morning feed, one of 
the animals received in addition 1()0 cc. of liquid paraffin administered in the 
following way. To 100 cc. of gum acacia mucilage (gum 4 parts, water 6 parts) 
were added j00c('. of licpiid paraffin, and the mixture after very vigorous 
shaking was thoroughly incor])orated in a small portion of the dry diet 
and given before the morning meal; it was readily consumed by the 
animal. After 54 days, the animals were killed 36 hours after their last meal. 
The unsaponifiabh‘ fraction of their livers was then prepared and the amount 
of the sterol ]>resent in an aliquot portion estimated by the digitonin method. 
The results obtained are recorded in Table III. 


Table III. 


Animal receiving 
Animal receiving control diet plus 

control diet licpiid paraffin 

Wt. of liver, g. 1537 1730 

,, iinsaponifiable fraction, g. 5-6231 8-2420 

,, cholesterol, g. 4-231 4-267 

,, material other than cholesterol, g, 1 3021 3-975 

Naif, Ah to the normal yield of unsaponiliable material from pig liver, we have little informa¬ 
tion. Two samples bought from shops at different times were worked up for their uiisaponifiable 
content; in one case 935 g. liver yielded 3-47 g., and in the other 659 g. yielded 2-40 g., ?.e. 3-71 
and 3-64 g. per kg. respectively as against the control figure in the present experiment of 
3-66 g. per kg. 


With a view to the later isolation of the hydrocarbon mixture, it was 
decided to remove the sterol quantitatively. Accordingly the greater part 
was obtained by crystallisation of the fractions from light petroleum, boiling 
below 60'', with which liquid paraffin is miscible. Each fraction was dissolved 
in 110 cc. of light petroleum and cooled to O'". The crystalline material ob> 
tained by filtration was washed with light petroleum cooled to 0" and the 
combined mother-liquors were concentrated to 50 cc., and the process was 
repeated. In this way, there were obtained 3-35 g. and 3-40 g. of sterol from 
the fractions from the livers of the control animal and the animal which 
received the liquid paraffin respectively. The remaining sterol was removed 
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with digitoniri. To each of the residues obtained by evaporation of the light 
petroleum mother-liquors were added 50 cc. of 95 % alcohol, and the mixtures 
heated to boiling and vigorously shaken. A considerable portion of the 
material from the liver of the animal which received paralfiri failed to dissolve. 
To each there was then added 3-1 g. of digitonin dissolved in 240 cc. of boiling 
90 % alcohol. After gently boiling the mixtures with vigorous shaking, they 
were allowed to stand overnight. They were then filtered through paper, and 
the residues, consisting of cholesterol digitonide, excess digitonin and any 
substances insoluble in 90 % alcohol, w^ere washed with the latter solvent and 
the washings were united with the mother-liquor, which was then evaporated 
to small bidk and poured into water. The mixture was then ether-extracted, 
and the extract washed with water, evaporated to dryness and dried in vacuo 
on the water-bath. The residues on the filters were then thoroughly washed 
with ether and the ether extract was filtered into a separating funnel. This 
ether extract was also washed with water and evaporated to dryness, and 
dried on the water-bath. By this process, each fraction was freed from 
cholesterol, and divided into two portions, one soluble in about 350 cc. of 
90 % alcohol and the other insoluble in that volume of this solvent. The object 
of the procedure, apart from removing cholesterol, was to Concentrate any 
liquid paraffin present in the insoluble fraction, for the liquid paraffin used 
in the feeding of the animals was found to have a solubility in 90 % alcohol 
at room temperature of only 0*18 g./lOO cc. Iodine values were then deter¬ 
mined by Hiibrs method on the four fractions obtained. The weights of the 
four sterol-free fractions and their iodine values are recorded in Table IV. 


Table IV. 


Sol. in 90 % alcohol, g. 

Insol. m 90 % alcohol, g 

lod I n e values: 

Sol. in 90 alcohol 92-8 57-7 

Insol. in 90 alcohol 151*2 25*7 

From the figures recorded in this table, the iodine values of the combined 
sterol-free fractions for each animal may be calculated. In the case of the 
control animal, the material other than sterol has an iodine value of ir2‘8 
^and lor the animal which received the paraffin 36*6. These figures may be 
compared with those obtained in the experiments on rats, the mean values 
of which were 118*8 and 30*8 respectively, and confirm the results obtained 
on those animals by a less direct method. 

Before describing the attempts made to isolate the hydrocarbons, it 
will be well to consider the results recorded in Table IV and to discuss the 
nature of the substances which present-day knowledge suggests may be 
present. If liquid paraffin be present, it would be expected that the greater 


Animal receiving 
control diet 
0*9589 
0*4969 


Animal receiving 
control diet plus 
liquid paramn 
1*:U82 
2*5785 
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part of the fraction containing it would remain insoluble in the volume of 
90 % alcohol used for precipitation of the cholesterol by digitonin. In addi¬ 
tion. the fact that liquid paraffin has a slight solubility in 90 % alcohol should 
cause the amount of the soluble fraction in the case of the animal receiving 
paraffin to be greater tlian that in the control. The figures ni the ta})le record 
such a result, for the amount of the insoluble material in the animal receiving 
paraffin is about five times as grcait as in the control animal, while there is 
a corresponding increase of about 0*3() g. in the soluble fraction. Since the 
paraffin has a solubility of 0-18 %, it might have ]>een thought that this latter 
difference would be great(*r considering the volume of solvent used. The 
reason for it not being so is jirobably that the separation was (airried out in 
the presence of the flocculent precipitate of cholesterol digitonide which 
carried down the paraffin with it. It was in the hope of this happening that 
the procedure adojited was used. A consideration of the iodine values should 
tell us something of the nature of the substances present. If the soluble 
material in the case of the animal re(*eiving paraffin contains some hydro¬ 
carbon. it should have a proportionately low iodine value. This is so, for the 
c'ontrol material has an iodiiu^ value of 92*8 as com])ared wdth 57-7 for that 
of the animal recauving paraffin. The differences showui in the insoluble frac¬ 
tions are still more considerable, for the control material has an iodine value 
of 151-2 as op})osed to one of 25-7 for the animal receiving paraffin. It was 
decided, therefore, to atttunpt to isolate the saturated hydrocarbons from the 
fractions insoluble in 90 alcohol. 

Fractions insoIa})lc uf 90 alcohol. It w\as showui in a juevious paper 
ICliannon and Marrian, 1920] that there w’as present in mammalian liver a 
highly unsaturated hydrocarbon, similar to scpialene. This hydrocarbon w^as 
not obtained in pure form, but its presence w'as (hsluced from the fact that it 
wars yK)ssible to isolate it as a ])romide and hydrochloride. Since it is very 
insoluble in any solvent containing waiter, it should a])pear in this experiment 
in the fractions insoluble in 90 9^, alcohol, and the* iodine values of those 
fractions will be due mainly to the prf\sence of this unsaturated hydrocarbon. 
It w^as decided to remove it by taking advantage of the fact that the bromide 
to which it give*s rise is insoluble in etheu. Accordingly, the fractions were 
dissolved in anhydrous ether at 0'^ and excess of a solution of bromine in 
ether w^as added. After standing for a short time, the insoluble bromide from 
the tw'o fractions w^as removed by filtration and w^ashed wdth ether. Each 
was shown to be the bromide of the uiisatiirated hydrocarbon, to which 
reference has just been made, by its bromine content (68 2o) and by the fact 
that it charred at without melting. In this w^ay there wa^re isolated 

0-37 g. and 0*5 g. of insoluble bromide from the material from the liver of 
the control animal and the animal which received paraffin respectively. Since 
the fraction from the liver of the latter animal had an iodine value of 25*75, 
2*45 g. should absorb 0*3975 g. of bromine, wffiile the bromine content of 
the insoluble bromide isolated is 0*34 g. Hence the bromine content of the 

Biochem. 1929 xxiri 
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material from which the unsaturated hydrocarbon has been removed is 
0*0575 g., or 2*45 % bromine, and hence, prior to bromination, the material 
present other than the uiisaturated hydrocarbon had an iodine value of 4 only. 
The filtrate and washing from the insoluble bromide were then shaken with 
sodium thiosulphate solution in order to remove the excess of bromine; and 
the ether solutions, after washing with water and drying with anhydrous 
sodium sulphate, were evaporated to dryness. In view of the low bromine 
content (2*45 %) it was decided to distil the material without debromination. 
The 2*2 g. were transferred with ether to an 8 cc. flask but, unfortunately, 
about 20 % of the material was lost during the removal of the ether by 
evaporation. The material was distilled at 1 mm. pressui'e. There were ob¬ 
tained two fractions and a residue: fraction (1), 0*3 g. boiling up to 160°, 
fraction (2), 0*9 g. boiling from 160°-210° and 0*32 g. of residue. The dis¬ 
tillates were amber-coloured oils of viscosity similar to that of liquid paraffin. 

Fraction (2) analysed as follows: 

0*1021 g. gave 0*3202 g. CO 2 and 0*1262 g. HoO: C, 85*53; H, 13*73. 

0*1482 g. absorbed 0*31 cc. of 0*1036 N iodine: Iodine value 2*7. 

These figures show that fraction (2) approximates sufficiently closely to a 
saturated hydrocarbon as to render it unnecessary to attempt to purify the 
remainder further, and the object of this experiment, namely the isolation 
of the paraffin from the liver, was thus achieved. 

Fractions soluble in 90 % alcohol. It was considered desirable to attempt 
to demonstrate whether the increase in the amount of the fraction soluble 
in 90 % alcohol derived from the liver of the animal which received the liquid 
paraffin was caused by the presence of that substance. Accordingly, these 
fractions, 0*864 g. and 1*186 g, from the control and the animal receiving 
paraffin respectively, were converted into acetyl derivatives by boiling wdth 
acetic anhydride. The acetyl derivatives were then saponified by boiling wdth 
excess of 0*2 N alcoholic potassium hydroxide for 4 hours and the acetyl 
values so determined. After saponification, the fractions were recovered by 
ether extraction and brominated in cold dry ether as described in the previous 
section. After removal of the insoluble bromide of the small amount of the 
imsaturated hydrocarbon appearing in these fractions, the excess bromine of 
the mother-liquor was removed by washing with sodium thiosulphate solution. 
The ether solutions w^ere then dried with anhydrous sodium sulphate and 
evaporated to dryness, and the bromine content of the materials so obtained 
determined. The results obtained are given in Table V. 

Table V. 

Animal receiving 
control diet 
116*6 
0*14 

123*5 

25-68 


Acetyl value 

Wt. of msol. bromide (g.) 

Acetyl value corrected for the unsat. 
hydrocarbon 

Bromine content after removing the 
insol. bromide, % 


Animal receiving 
control diet plus 
liquid paraffin 
91-3 
0*06 

92*6 

2M4 
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It will be seen from the above table that both the acetyl values and the 
bromine contents of the fractions after bromination are considerably lower in 
the case of the fraction from the animal which received paraffin, and it seems 
clear, therefore, that the increased amount of the latter over that of the control 
animal is due to liquid paraffin appearing in it, which w'ould lower its acetyl 
value and the })ercentage of bromine in the brominated product. 

Discussion. 

The results obtained from the experinifiit on the pigs in wffiich hydrocarbon 
has been isolated in nearly pure form leaves no <^ 100 bt that some part of the 
paraffin administered has been absorbed and has appeared in the liver. 
Further, the figures obtained showo’ng the effect of the administration of 
liquid paraffin on the yields of the unsaponifiable fractions and their iodine 
values are similar in both the rat experiments and those with the pigs, and if 
due allowance be made for the biological nature of the experiment, these 
figures may be used to gain some insight into the question as to how^ much 
paraffin has ac<mmulated in the liver of the animals. These figures are set 
out in Table VI, wdiere the mean values of the two rat experiments are given. 


Table VI. 


Animals 

Diet 

Sterol 

g./lWg. 

Nou-st-erol 
g./lOO g. 

Iodine value of 
non-sterol 

Fiats 

Control diet 

0*2591 

0*0755 

118*8 

(mean values) 

Control diet plus liquid paraffin 

0*2063 

0*2643 

30*8 

Pigs 

Control diet 

0*2752 

0*0905 

112*8 

Control diet pins liquid paraffin 

0*2467 

0-2298 

36-6 


In the rat experiments, the non-sterol fraction of the livers of the animals 
which received paraffin is roughly 3-5 times greater than that of those of the 
control animals, and the iodine value has shown a fall corresponding closely 
wdth this increase. In the pig experiment, the increase in the non-sterol 
fraction is about 2*5 times that of the control, while the iodine value is about 
one-third as great as the control iodine value, a result in not quite such good 
accordance as the rat experiments jirovidc. 

As to the mechanism by which the absorption of the paraffin has occurred, 
we have little information. In a previous paper [Channon and Collinson, 
1928], the absorption of cholesterol, phytol, cetyl and oleyl alcohols was 
discussed. The results of Moore and Parker [1901], which extended the earlier 
observations that bile salt solutions would dissoh^e fatty acids, by demon¬ 
strating that such acids were very much more soluble in bile salt solutions 
in which lecithin was present, madQ it w^orth while to determine the solubilities 
of these alcohols together with that of squalene and liquid paraffin in bile 
salt solutions with and without lecithin. Not too great a reliance can be 
placed on these results on account of the difficulties of such determination 
and the very low solubilities obtained, but it w^as found that the alcohols 
were soluble to an extent in rough proportion to the degree to which they 
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were absorbed. The solubility of squalene in 5 % bile salt solution at 37° 
was found to be as low as 0*024 %, while liquid paraffin was found to possess 
no detectable solubility in this medium. In this connection, the results of 
Mellanby [1927, 1] are of interest. Mellanby introduced various fat emulsions 
into the duodenum of a cat and observed fat absorption by inspection of the 
lacteals in the mesentery, cannulae having been previously inserted into the 
gall bladder, common bile and pancreatic ducts. He found that emulsified 
fat to which bile had been added was rapidly absorbed, and absorption 
caused a secretion of pancreatic juice and an increased flow of bile. On the 
other hand, neither emulsified fat nor fat previously digested by lipase was 
absorbed in the absence of bile, and the injections of such mixtures caused 
no secretion of pancreatic juice and no increase in bile secretion. If there be 
no available source of lipase other than pancreatic juice, therefore, emulsified 
fat according to these results may be absorbed without previous hydrolysis. 
Continuing these experiments, Mellanby [1927, 2] found that in a similar 
experiment in which an emulsion ot paraffin and bile was injected, there was 
neither absorption of the hydrocarbon nor secretion of ])ancreatic juice nor 
an increase in the bile secretion. An experiment which the same author 
kindly carried out with squalene showed that in contrast to liquid ])araffin 
squalene was absor])ed to a small extent, and that the injection caused a 
large secretion of pancreatic juice and bile. Mellanby's results, both with 
emulsified fat and squalene, suggest that particulate absorption may o('cur 
in spite of much contrary evidence. The results with liquid paraffin recorded 
in this paper are opposed to those just cited, and in this connection the work 
of Clark and Clark [1917] may be mentioned. These authors studied the 
results of the injection of fine emulsions of fat. such as olive oil, oleic acid, 
egg-yolk and cream, into the tissue of tadpoles' tails. They found that the 
fat injected was soon surrounded by leucocytes, and lymph vessels grew out 
to the oil droplet in a time varying from a few hours to two or three days. 
No reaction, however, was obtained with substances such as mineral oil. 

A word may be said here as to the chemical nature of the liquid paraffin 
used in the experiments. The main fraction boiled at 210° at 1 mm., and 
since no solid products could be obtained by distillation, and by attempts at 
crystallisation of the undistilled residues, we were led to the view that the 
hydrocarbons present in the mixture could not be normal aliphatic substances. 
This view was confirmed by the figures o})tamed on combustion, for the mean 
values showed that the liquid paraffin contained C, 86*6 %; H, 13*3 %. On 
the other hand, Cj^H^g requires C, 84*50; H, 15*50 and C20H42 requires C, 85*1; 
H, 14*9, and hence a mixture of aliphatic hydrocarbons which 

liquid paraffin might be composed would have figures intermediate between 
these such as C, 84*8; H, 15*2, a oarbon content definitely lower than that 
actually found. We consulted Dr W. R. Ormandy on this point and he in¬ 
formed us that, although the popular idea is that medicinal paraffin is composed 
entirely of aliphatic compounds, strong grounds exist for believing that a large 
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proportion of it is naphthenes and that some authorities go so far as to consider 
that the whole of ordinary liquid paraftin is composed of ring compounds. 
A naphthene requires (\ 85-7; H, ]U‘A while our liquid paraffin 

corresponds to . From the com})ustion figures, therefore, the liquid 

paraffin appears to consist of a mixture of polycyclic ])araffins. This point is 
important be(*ause the nature of the hydrocarbons present in the paraffin 
ma}^ be a factor involved in the ai>sorption^. 

We have no information as to how much liquirl ])araffin was absorbed f>y 
the animals in the experiments d(\scrib{‘d in this })aper, but the results of 
previous workers suggest that it can have been absorbed in small amount 
only. The fact that soiru' absorption occurs, however, suggests that a study 
should be made as to whether licpiid })araffin administerecl to a lactating 
animal v/dii be detected in the mdk. This is a question of some ])ractical 
importance to which we are now giving attention. 

SrMMARY. 

1. The iodine value of the non-sterol fraction of the unsa])onifiable matter 
of the livers of rats which receive li(|uid paraffin in their diet was found to 
be ‘II as against 119 for that from the control animals. This result suggests 
that li(pnd paraffin is absorbed to some extent. 

'2. This was confirmed by an experiment on pigs, in which the hydro¬ 
carbon was isolated from the liver. 

3. The factors concerned in the absorption are discusscal. 
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LXXVIII. A SECOND THERMOLABILE WATER- 
SOLUBLE ACCESSORY FACTOR NECESSARY 
FOR THE NUTRITION OF THE RAT. 

By VERA READER. 

From the Department of Biochemistri/, TJniversitij Museum, Oxford. 

{Bexeived April 30th, 1929.) 

During the last two years numerous papers have been published confirming 
the work of Goldberger et al. [1926] on the division of the water-soluble 
vitamin B into at least two components. That further factors may be present 
has been suggested by Kennedy and Palmer [1928], Hunt [1928] and others. 
The experiments to be recorded below deal exclusiv(dy with the more labile 
factors concerned. The work was undertaken in order to find the daily re¬ 
quirements of a rat of the antineuritic vitamin in terms of the pigeon day- 
dose, the method employed in this laboratory for standardising this vitamin. 
A preliminary account of the work has already appeared [Reader, 1928]. 

The nomenclature used throughout is that provisionally adopted by the 
Biochemical Society and defined in detail by Chick and Roscoe 11928]. 
Briefly, B^ signifies the antineuritic, and more heat-labile factor; B 2 , the more 
heat-stable factor. 

Although control animals on our basal diet -f crude marmite grew to 
adult size at the same rate as those on normal food (corn, bread, lettuce, 
etc‘.), repeated attempts to get growth to adult size on basal diet -f marmite 
which has been subjected to alkaline hydrolysis for one hour at 120 '^ -f purified 
extracts of vitamin B^ have failed. Thus it would seem that at least two factors 
necessary for rat nutrition had been destroyed by this treatment. Whether 
or not this second thermolabile substance is identical with that described by 
Williams and Waterman [1928], as associated with the maintenance of weight 
and general conditions of adult pigeons, will be discussed later. 

It is proposed to call this second thermolabile rat factor, provisionally, 
vitamin B 3 . 

Experimental. 

Albino rats, bred in this department from the Wistar strain supplied by 
Glaxo Limited, were used throughout. In all routine experiments animals 
of 50-60 g. were used for these tests. However, in order to compare these 
experiments with those reported by the Lister Institute, one set of animals 
of about 40 g. was put on to the experimental diet (see Fig. 5). 
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The bawsal diet used was: 

Glaxo caseinogen (free from vitamins A, D, and Bg) ... 20 % 

Rice starch ... ... ... ... ... ... ... 70 

Agar-agar ... ... ... ... ... ... ... 2 

McCollum’s salt mixture ... ... ... ... ... 5 

Cod-liver oil ... ... ... ... ... ... ... 3 

Water ad lib. 


This diet was freshly prepared daily, and was tested to show that, when 
supplemented with 6 % marmite as source of B^ and Bg, it gave growth 
equal to that obtained with normal food, including corn, “Hovis” bread, 
lettuce, cod-liver oil, and occasionally milk. The curves in Fig. 1 are selected 
from groups of 20 animals and are typical of the group. The daily food intake 
gradually rose from 10 to 15 g. as the body-weight increased from 60 to 120 g., 
so that in all each animal was having daily B^ and Bg equivalent to 0 * 6-1 *0 g. 
marmite. 



In all further experiments the thermostable factor or factors (B 2 ) were 
supplied by adding 6 % autoclaved marmite solution ( 120 ° for one hour at 
Pii basal diet. Curative tests on pigeons showed that this product 

did not now contain any B^, the antineuritic factor. That it did contain one 
factor necessary for the rat (presumably Bg) was shown by the method of 
Chick and Roscoe [1928] for the assay of Bg. Also that 6 % was sufficient 
for the daily requirements was demonstrated by doubling this quantity after 
growth ceased in one group of rats (e,g, rat 129, Fig. 2 ) and noting that no 
further growth occurred. 

Two types of experiments were designed. In (A) the rats were fed on the 
basal diet 4 - Bg till constant weight was obtained for three consecutive 
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weighings (three-day intervals). Then varying doses of several concentrates 
were administered daily, in aqueous solution adjusted to 6*5. The doses were 
given by the mouth from a small pipette. The concentrates used were prepared 
by Mr H. W. Kinnersleyb Unless otherwise stated they were the 50 % 
alcohol extracts from the charcoal. Daily doses were varied from 1/10 to 8 
pigeon day-doses. Typical results from a large number of experiments are 
shown in Fig. 2 . From these it may be seen that even eight pigeon day-doses 
per day do not give growth at a normal rate to adult size. 

In (B) (Fig. 3) there was no preliminary lag period to constant weight as 
the animals were fed from the start on basal diet -i B^ f Bg. It will be seen 
frorS Fig. 3 that in every ease growth ceased or proceeded at a very subnormal 
rate after 4 or 5 weeks. Immediately untreated marmite was substituted as 
source of Bj and B 2 growth was resumed to maximum weight. 

Thus it would seem clear from Figs. I, 2 and 3 that a second factor, other 
than Bj, had been destroyed by the alkaline hydrolysis of the marmite. 

0-1 N HCl extracts of . 

ExY)eriments of type (A) above were arranged with Bj concentrates pre¬ 
pared by extraction with 0-1 HCl from charcoal in place of the 50% 
alcohol extracts used above. Results were similar to those in Fig. 2 , but 
slightly more marked, so presumably these extracts were more free from the 
second thermolabile factor than the 50 % alcohol extracts (see Fig. 4). 

Use of younger animals. 

As four weeks’ feeding was needed in many of the above experiments 
before the absence of the second thermolabile substance became evident, it 
was now decided to carry out a set of experiments'using younger animals 
(40 g. instead of GO g.), in order to compare these results with those reported 
from the Lister Institute. As was expected, these animals were more sensitive 
to the lack of B 3 ; in fact, some of them died within a week of the time they 
began to drop in weight. However, if carefully watched and fed with untreated 
marmite they completely recovered (Fig. 5). 

Properties of second ther^nolabile substance, 

(a) It is generally agreed that alkaline hydrolysis for one hour at pjj 9 
at 120 ^ destroys the polyneuritis-curative properties of an aqueous sus¬ 
pension of marmite, yeast, etc. If this heating is carried out at a more acid 
reaction (p^ 6 )^ destruction of vitamin Bj does not occur, but from the 

^ JVoie by H. W, Kinnersley, The concentrates used in the above experiments were the 
0*1 N HCl or 50 % alcohol extracts from charcoal. In each case, after removal of metallic 10 ns 
by HjjS, they were fractionated into 99 % alcohol [see Kinnersley and Peters, 1928, pp. 42.5, 420]. 

® I am indebted to Prof. R. A. Peters for testing these solutions. He has found that they 
retain at least 50 % of their curative properties when autoclaved under these conditions. The 
matter is still under investigation. 
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curves in Fig. 6 (rats 167 and 104) it would appear that there has been more 
than 50 % destruction of Bj. As would he expected, upon the view that 
is not destroyed, the early part of the curves is similar to those obtained 
with Bj + the less impure extracts of B^. Additional indirect proof was 
obtained by adding B^ at the point where growth first ceased and noting 
that no increase in weight was observed (see Fig. 6 , rat 104). 

( 6 ) From the above experiments it seemed clear that B 3 is more thermo- 
labile than B^. Further proof of this was obtained by boiling marmite in an 
open vessel on a water-bath for 2 hours (the actual temperature of the marmite 
was 95°-97°). More than 50 % destruction occurred. 12 % marmite in the 
diet did not give growth equal to that previously obtained with 6 % (Fi|;. 6 , 
rat 152). 



Fig. 6, Partial destruction of second thermolabile factor 
(a) by acid hydrolysis at 120"^ for 1 hour; 

(h) by heating at 95® for 2 hours. 


(c) Solubility in ether. Six hours’ extraction with ether in a Hurtley 
extractor removes most of the Bg. However, if the ether is now distilled off, 
the substance cannot be redissolved in fresh ether. Thus it does not seem 
to be a true solubility of the substance itself, but rather dependent on ad¬ 
sorption upon associated substances. Further work upon this point is being 
carried out in the hope of getting a supply of Bg free from B^. 
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Discussion. 

From the above experiments it would seem established that when marmite 
is subjected to alkaline hydrolysis at 120 ° for one hour at least two factors 
necessary for rat nutrition are inactivated. One of these is the antineuritic 
vitamin Bj. It is suggested that the other is a second thermolabile factor B 3 . 
Evidently Bj^ concentrates can be prepared free from this second factor by 
the extended method of Kinnersley and Peters [1928], and it is due to the 
advantage of having these more pure (‘oncentrates at my disposal that I 
have been able to demonstrate the absence of the second thermolabile factor 
from diets complete in other respects. However, so far a sample of B 3 has 
not been prepared free from : therefore it cannot be definitely proved that 
the lack of growth is not due to the racemisation of some amino-acid or similar 
substance. In fact this view is supported by the fact that acid hydrolysis 
at 95^ and at 120*^ apparently cause a certain definite loss of efficiency (> 50 %) 
whether the heating be for one hour or two: but absolute destruction of both 
Bj and B 3 occurs on alkaline hydrolysis at 120 ° for one hour. 

Williams and Waterman [1928] have recently reported the presence of a 
very thermolabile factor in yeast necessary for the maintenance of the weight 
and general condition of pigeons. However, they were unable to show its 
necessity for the rat. Whether they observed complete destruction of their 
factor by heating is not stated. As their preparation of B^, made by the 
fuller’s earth method, was not heated in the process, the B 3 reported in my 
experiments was probably still present associated with their Bf, hence they 
would not get a cessation of growth due to lack of this factor. Moreover, 
certain preliminary experiments carried out in this department (Peters, 
private communication), indicate that the second rat factor does not restore 
the weight of pigeons; thus the evidence seems to be in favour of two further 
factors—one, reported by Williams and Waterman, for pigeons: the other, 
reported in this paper, for rats. 

At first sight these results seem to be contradictory to the results of 
Chick and Boscoe [1928]. In their work on the assay of B^, they used B^ 
concentrates prepared by the method of Kinnersley and Peters [1927] but 
not purified by alcohol fractionation, so it is possible that traces of B 3 were 
still present. However, it must be emphasised that in their actually recorded 
experiments they assessed their results from the growth obtained in the 
first 2 weeks after addition of B 2 to diets apparently complete in other 
respects. This procedure employs the justifiable assumption that if a diet is 
deficient in more than one factor, an immediate response is obtained by 
addition of any one of these. If, however, they had continued their experi¬ 
ments for 4 or 6 weeks, the picture presented might have been a different one. 
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SUMMAEY* 

Evidence is presented for the destruction of at least two factors, necessary 
for the nutrition of the rat, by alkaline hydrolysis of yeast extract at ppj 9 
at 120° for one hour. 

The conclusion is therefore drawn that a second thermolabile factor (Bg) 
is present in yeast extract. 

My thanks are due to Professor R. A. Peters for his interest and criticism 
throughout the work, to Mr Kinnersley for the supply of concentrates, 
and to the Medical Research Council for a grant. 
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The experiments described in this paper were designed to ascertain how far 
the vitamin A-free diet in use in this laboratory could, when supplemented 
by cod-liver oil, support normal growth. In the early work of this depart¬ 
ment (1927) there had been nothing in the behaviour of the rats used in 
assaying cod-liv(T oil to suggest any deficiency in the diet other than 
vitamin A, for the addition of this substance in a dose of 0*01 g. daily caused 
resumption of rapid growth in the test rats for a period of 9 weeks, after 
which the test was discontinued (Fig. 1). It was several months later that a 



Eig. 1, A tent for vitamin A in pod-liver oil. Rats given “ vitamm-tree casein ” (Glaxo) throughout 
the exjienment. Evidence that some rats, at least, can grow well wdien this casein is the 
source of protein. 

deficiency other than vitamin A was suspected in the vitamin A-free diet 
and possibly also, though to a smaller extent, in the diet of the stock colony. 

The history of the attempt to breed a colony of rats on some diet that 
should be uniform throughout the year may form the subject of a se])arate 
communication. The result of the first stage of it may be summarised as a 
progressive deterioration of the litters obtained from the imported mature 
animals, both in respect of their rate of growth when allowed to grow to 
maturity for breeding and later in their failure to rear the young they had 
borne. A progressive decrease in the periods of time required for the young 
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rats to become steady in weight when given the vitamin A-free diet, and a 
lower weight at which they ceased growth was also noticeable. The whole of 
these results could, so far, be attributed to a low vitamin A content in the 
diet of the stock rats with the consequent low reserves of this factor in the 
rats used for vitamin A assays. It became evident, however, that the responses 
to doses of cod-liver oil given by these particular rats were definitely less 
than the responses obtained in rats of different history. Moreover, increasing 
the dose of vitamin A gradually to a very high dose (0*2 g. daily) of a sample 
of cod-liver oil (which in other rats cahsed resumption of good growth in a 
dose of 0*01 g.) failed to bring about any increased rate of growth. It was 
evident that the diet was lacking in some factor other than vitamin A. 

Coward, in 1926, discussed with Prof. Palmer his work on the growth- 
promoting powers of different samples of caseinogen prepared in different 
ways, and it appeared at once possible that the rats in the experiments 
described in this paper were suffering from a deficiency such as Palmer had 
noted in his work. The first substance examined for the unknown factor was 
therefore a fresh kind of caseinogen. The British Dnig Houses “light-white 
casein” was substituted for the Glaxo “vitamin-free casein” of the diet 
previously used. The response was immediate and dramatic (Fig. 2). The rats 
grew rapidly and gave no further evidence of any deficiency in their diet. 
Although Palmer’s work has finally indicated that his rats were suffering from 
a shortage of the vitamin Bg [Palmer and Kennedy, 1927, 1, 2; 1928, 1, 2], 
yet further work in this laboratory has shown that the “light-white casein” 
(B.D.H.) contains neither Bj nor Bg, but some growth-promoting property 
which is independent of both of these. The same factor has beeu fmmd in 
various natural foodstuffs. It is at least partially destroyed by heat; it is 
extracted slightly from the casein by hot alcohol and by hot ether after cold 
alcohol. It seems to be more easily extracted by hot ether from wheat embryo. 
It is not vitamin E. 

Technique. 

Rats from various colonies were used in the early tests carried out in this 
department. That they varied greatly in their reserves of vitamin A was evident 
from their varied behaviour when given the vitamin A-free diet of this 
laboratory. Litters were kept intact and members of one litter were, in 
general, exhausted of their reserves of vitamin A within a very few days of 
each other. There were much greater differences in vitamin A reserves between 
different litters than between different members of any one litter. 


The vitamin A-free diet consisted of: 

Dextrinised rice starch . 71% 

“Vitamin-free casein(Glaxo) . 16 

Agar-agar . 2 

Dried yeast ... 8 

Salt mixture (Steenbock’s). 4 







A GROWTH FACTOR 


697 


The mixture was irradiated in very thin layers (200 g. over an area of 
4 sq. ft.) in zinc trays for 30 minutes at a distance of 2 ft. from a quartz 
mercury vapour lamp, running at 2*5 amp., 130 v. It was stirred and re- 
spread after the first 15 minutes of irradiation. This method has been shown 
by Steenbock and Coward [1927] to generate ample supplies of vitamin D; 
and that it is also adequate with the materials available in this laboratory 
has been shown from time to time by experiment. Rats which had ceased 
growth on this diet have been given large daily doses of irradiated ergosterol 
and have not resumed growth. 



Fig. 2. A test for vitamin A, Rate given ‘'vitamin-free casein” (iUaxo) at iirst. (Growth ceased 
in spite of the doses of cod-liver oil being greatly increased and in spite of the addition of 
watercress. Growth was only resumed when “light-white casein” was substituted 

for the “vitamin-free casein.” 

The rice starch was partially dextrinised by mixing it with enough water 
to make it firm, and then heating it in shallow trays in an ordinary gas cooking 
stove for 6 hours, which renders it crisp and easily ground. The dextrinisation 
of rice starch does not seem to be necessary for making it more easily digested, 
as with the corn starch used in American laboratories. Dextrinisation is 
necessaxy, however, to get the starch into a less fine state of division, for in 
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its original state the rats collect a great deal of it in their fur and the whole 
experiment is less clean than when dextrinised and ground starch is used. 

The ‘‘vitamin-free casein ” supplied by the Glaxo Company was guaranteed 
substantially free from vitamin A by tests which were until recently super¬ 
vised by the Accessory Food Factors Committee of the Medical Research 
Council and Lister Institute. 

Agar-agar was incorporated in the diet as a preventive of constipation, 
although, in view^ of the large percentage of dried yeast also used, it is very 
doubtful whether it was necessary. Sometimes the powdered form of agar- 
agar was used, sometimes the shredded. When the latter was used it was 
eaten as readily as the rest of the food. It was not washed or otherwise 
purified before use. 

The dried yeast used in this diet was brewer’s yeast. Every sample pur¬ 
chased for use in this laboratory is tested for its vitamin B complex and there 
is ample evidence that the inclusion of 8 % of it in the vitamin A-free diet is 
abundant for the vitamin B needs of the rat at all stages of growth. The 
evidence rests on the ability of rats, from some colonies at least, to grow 
rapidly (bucks to more than 200 g., does to about 180 g.) when this is the 
only source of the vitamin B complex in their diet. 

The rats were kept on screens to prevent coprophagy only when they 
were being used for a vitamin B test. Otherwise they were kept on shavings 
or sawdust. 

The evidence for the existence of a growth-promoting factor other than the 
vitamins A, and B 2 , D and E in light-white casein^' (B.D.H.). 

The general scheme of the experiments which led to the detection of the 
absence of this factor from the “vitamin-free casein” of the vitamin A-free 
diet and of its presence in the particular sample of untreated (i.e. “light- 
wdiite,” B.D.H.) casein examined later, was as follows. In addition to those 
experiments with rats which had failed to give the expected response to doses 
of cod-liver oil, others were performed with rats which had given a certain 
amount of response under the same condition. In the latter experiments the 
vitamin A tests of the samples of cod-liver oil were carried on for much longer 
periods than that of 5-6 weeks usually considered necessary for determining 
the potency of the oil. In general, the rats ceased to grow and would not 
resume growth on being given larger and larger doses of cod-liver Oil, or if 
growth were resumed it was only for a short time. Watercress, as an addi¬ 
tional and different source of vitapoin A, was then tried on some of these rats. 
A dose of 0*5 g. of it caused no resumption of growth, although an independent 
test [Coward and Eggleton, 1928] had shown that in the normal way of 
testing, when the.rats were only about 10 weeks old, a dose of Od g. had 
been enough to restore growth. Unlimited supplies of watercress were then 
given to the rats which had failed to grow on 0*5 g, of it, and although growth 
was resumed for a time, it was only temporary. Then “light-white casein” 
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.) was substituted for the “vitamiu-free casein” (Glaxo) and rapid 
ancf prolonged growth was resumed. At this stage of the investigation, a 
discussion on vitamin A assay in cod-liver oil with Dr J. W. Trevan revealed 
the fact that he had encountered the same difficulty in raising rats to maturity 
on a vitamin A-free diet plus cod-liver oil. He had found that only by giving 
such rats large quantities of fresh grass clippings could they be made to 
resume growth. 



Fitr, It (Growth curves ft)r coiiiparis^ui witli those in following If the lately r(‘(‘oj^riised 

factor necessary for growth is withheld, death ensues. TheNC are ty])ieal of some 7(1 such 
curves obtained during this work. 


Other sources of the supplemetitarif growth factor. 

It has been for many months now a matter of routine in this laboratory 
to keep rats which have already been used for a vitamin A test for further 
work on the unknown factor. If they have not reached maturity at the end 
of the recognised test period, they are deprived of their vitamin A-containing 
substance until they begin to fall in weight. They are then given 0-02 g. daily 
of a good sample of cod-liver oil. If they do not resume growth within 
2-3 weeks the dose is doubled and in time increased to 0-2 g. The great 
increase in dosage of cod-liver oil has seldom resulted in any increased growth. 

It has therefore been possible to test several other food substances and 
preparations on a reasonable number of rats, for only the animals which 
had received very large doses of vitamin A from the beginning of the test 
period, and so had grown rapidly, or rats which had been used for assaying 
the vitamin A content of milk, failed to respond to the later treatment adopted 
for exhausting their reserves of the unknown factor. 

Biochem. 1929 xxin 


45 
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The distribution of the factor, so far studied, may be summarised thus: 


Table I. 


Substance 

1. “Light-white casein” 
(B. D.H.) untnmted, 4 
different samples 

2. “Crude casein ” (B.D.H.) 

3. Dairy butter 

4. Fresh milk (London 
supply) 

5. Milk boiled for 15 mins. 

6. Lettuce—fresh 


7. Etiolated wheat shoots, 
10days old (grown under 
laboratory conditions) 

8. Dried grass clippings 

9. Fresh grass clippings 

10. Extra dried yeast 

11. Marmite 

12. Autoclavod marmite 

13. Watercress 

14. Ox muscle 

Ox liver 

15. Wheat embryo 

1 (). Wheat germ oil, sample 0 
Wheat germ oil, sample 1 
Wheat germ oil, sample 2 


No. of rats 


Dose tested used 

15 % of diet 40 

10 % of diet 4 

5 % of diet 4 

15 % of diet 4 

0-5 g. daily 3 

10 cc. daily 4 

10 cc. daily 4 

( = 15 cc. fresh) 

1 g. daily 7 

Ad lib., often 7, the same 
40-50 g. per animals that 
rat per day bad 1 g. 

15 g. daily 3 

5 % of diet 3 

About 10 g. 2 

daily 

10 % of diet 14 

0-5 g. daily 13 

LO g. daily 3 

Ar/.about 3 

10 g. daily 

I g. daily 4 

Ad. lib] 15- 4 

20 g. daily 

1 g. daily 4 

r> % 3 

10% 3 

Up to 0-08 g. 6 

Up to 016 g. 4 

Up to 0-02 g. 3 

Up to 012 g. 3 

012 g. daily 4 


Results 

Rapid growth in all but 3 rats, 
slow growth in these 
Good growth but less rapid than 
when 15 % was given 
No growth 

1 died. 3 maintained weight for 
75, 49, 30 days resjjectively* 
Maintained weight for 34 days 
Rapid growth in all 

Moderate growth in all 

Maintained weight in 5 for 7-30 
days. Fair growth in 2 
Good grow th 


Slight growth 


Rapid growth in 2 rats. Slow 
growth in 1 rat increased by 
raising amount to 10 2^ 

Rapid grow th 

No influence* 

Slight temporary increase in 
weight in 5. Maintained weight 
in otherst 
No inffuencef 
Slight increaset 

Good growth 
Very rapid growtli 

\’ery rapid growdh 
Rapid growth in 2, Weight 
maintained in I 
Rapid growth 
No influenceJ 

1 maintained weight. 2 fair 
growth. 1 died 
No influence 

No influence in 2. Eair growth 
in 1 

Fair growth in 3. Maintained 
weight in 1 


* One of these rats was finally given “light-white casein” to w^hich it responded with rajud 
growth. 

i IVo of these rats were finally given “light-white casein” to which they responded with 
rapid growth, 

J One of these rats was finally given 10 % wheat germ to which it responded with rapid 
growth. 
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Similar tests were made with (a) liquid paraffin (0*06 g. daily for 21 days) 
and (b) 3 % extra agar-agar in the diet to see whether the active substances 
had merely been exerting an influence on peristalsis. Each substance was 
without effect on the growth of the test animals. 


The palatability of the two diets containing the ''Glaxo casein ” and the 
"light-white casein'' respectively. 

A simple experiment was carried out to see whether possibly greater 
palatability of the “light-white casein ' diet could account for the observed 
results. Six young rats weighing about 60 g. were divided into two groups 
of 3 each. One group was given the vitamin A-free diet contaioing the 
“vitamin-free casebr’ (Glaxo) and the other the diet containing “light-white 
casein.’’ All the rats were given 0-02 g. of a good sample of cod-liver oil daily 
to make the same rate of growth possible in all of them. Records of food 
consumed each day were taken at 9 o’clock in the morning in order to get 
figures as accurate as })08sible. After 2 days the diets of the two groups were 
interchanged. This was repeated 5 times in all and then each group was 
kept to one diet for a period of 5 days, and the diets were again interchanged 
for a further period of 5 days. The amounts consumed in g. are given in 
Table 11. 


Table II. 


Rui . M :m .S 49 :\r>\ .352 


C'aHein in di<'t 

(1. 

L.-W. 


1.. W. 

♦ T 

L.-\V. 

(4. 

L.-\V. 

G. 

L.-W. 

(L 

L.-W 

27. in. 28 

7 

_ 

1") 

— 

7 

__ 

— 

7 


3 

— 

3 

28 

() 


7 

— 

.7 


— 

7 

- 

5 

— 

5 

29 

— 

7 



— 

7 

9 


7 

— 

8 

— 


— 

7 



- 

/ 

9 

- 

7 

__ 

8 


:u (2 (iavH) 

13 


14 

- 

17 

- 


19 

- 

10 

— 

17 

2. IV. 28 


f) 


•> 

— 

8 

10 

—- 

S 

— 

9 

— 

3 

- 

f) 


2 


i 

10 


8 

— 

8 

— 

4 

f) 

— 

0 

— 

0 

— 

— 

9 


9 

— 

8 

-■) 

() 


0 

.. 

9 

— 


9 

— 

8 


9 

(> 

_ 

5 


7 

~ 

8 

11 


9 

— 

11 

— 

7 (2 dayy) 


10 

__ 

10 

- 

12 

14 

— 

14 


11 


9 


2 

— 

4 

— 

(Spoilt) 

12 V 

4 

— 

4 


4 

— 

10 (2 days) 

_ 

In 

— 

20 


20 

20 


21 

— 

19 


12 

0 

— 

9 

— 

S 


— 

10 


9 

— 

9 

13 

7 

— 

9 


11 

— 


12 

— 

10 

— 

10 

14 (2 days) 

12 


17 

— 

22 

— 

— 

28 

— 

22 

— 

27 

10 

8 


10 


11 

— 

— 

12 


10 

_ 

11 

17 


8 

— 

10 

__ 

14 

14 

- 

12 


11 

— 

Total for 

70 

♦54 

83 

00 

99 

95 

101 

113 

90 

92 

92 

99 


11 days 

An examination of this table shows that 

{a) there is no significant difference between the total amounts of the 
two diets eaten by any one rat during the experiment, and that 

(b) there are practically no instances of a greater consumption of the 
‘Gight-white casein” diet on the first day of receiving it than of the diet 
containing the “Glaxo casein.” The evidence shows rather the reverse of this. 

45—2 
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Hence the possibility of these results being due to the greater palatability 
of the “light-white casein” diet must be discarded. 

Effect of heat on the growth-promoting power of ''light-white caseinE 

I. “Light-white casein” was heated in very thin layers in open trays in 
an electric oven (300 g. over 8 sq. ft.) for 24 hours at 105"^. It was raked over 
twige during this time. It was then given to rats (5) as 15 % of their diet. 
They grew as well as the rats receiving 15 % of untreated “light-white casein” 
and it was evident that there had been no appreciable diminution in the 
potency of the casein. 

II. “Light-white casein” was heated as above for 7 days, and then tested 
in the same way. Again the response was good but definitely less than before. 

III. Milk which had been simmered for 15 minutes in an open pan lost 
a great part, though not all, of its activity. 

Attempts to extract the growth-promoting siihstance, 

I. From "light-white caseinE 

Extracts of the “light-white casein” made with {a) cold 97 % alcohol 
(4 times), {b) cold ether (4 times) after cold alcohol (once) and evaporation 
in vacuo both failed to cause any resumption of growth, while the casein so 
extracted showed no impairment of its growth-promoting powers. Similar 
results were obtained with a 2 % acetic acid extract, neutralised with 
potassium hydroxide and evaporated on a water-bath, and with the casein 
thus extracted. 

Rather more active extracts were obtained by the use of {a) hot alcohol 
(4 extractions of 6 hours each) and of (6) hot ether after drying overnight 
(4 extractions of 6 hours each). The residual casein showed somewhat im¬ 
paired activity. The extracts described above were all tested in doses equi¬ 
valent to the amount of casein eaten per rat per day. Slight activity was 
also shown by an ether extract of a solution of casein in sodium carbonate, 
which was tested in a dose equivalent to 5 times the daily intake of casein. 
The growth-promoting factor is therefore not easily removed from the casein 
by the usual fat solvents. 

11. From, wheat embryo. 

{a) Hot 90 % alcohol. Extracting wheat embryo with 90 % alcohol 4 
times by boiling for 6 hours each time removes the active factor almost 
completely and gives an active extract. The yield of this extract was about 
30 % (95 g. and 87 g. respectively from two portions of 300 g. each). When 
given to two rats in doses of 0*06 g. daily (equivalent to 0*15 g. wheat embryo), 
there was no response. When given in larger doses (1 g. and later 2 g.), one 
rat resumed rapid growth immediately and another after a period of aKout 
30 days. Another, having remained steady on about 1 g. per day for 80 days» 
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resumed rapid growth when the amount was doubled. Three rats given the 
extracted wheat embryo grew very slowly for about 60 days but resumed 
rapid growth immediately non-extracted wheat embryo was substituted for 
the extracted product (Fig. 4). 



Fig, 4. A 90 % alcohol extract of wheat embryo. Definite activity of tiie extract and impair- 
memt of the activity of the wheat embryo. 

{b) Hot ether. Wheat embryo was dried overnight in an oven at 105"" and 
extracted 4 times with boiling ether. The ether was distilled ofi at atmospheric 
pressure. The extract was decidedly active in a dose of 0-16 g. and more so 
in one of 0*24 g. The extracted wheat embryo was dehnitely less active 
than the nomextracted product (Fig. 5). 

Evidence from vitamin B testing of the existence of a growth-promoting factor 
in ''light-white casein'' (B,D.H.). 

In view of the slight temporary response to extra doses of vitamin B in 
the form of marmite, which was occasionally experienced in the experiments 
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already described, ‘'light-white casein” (B.D.H.) was tested first for the whole 
B complex, then for B^ and Bg independently. It was found to contain neither 
of these but to contain a third factor essential for growth and independent of 
Bj and B 2 . 

Technique. The diet on which rats have been prepared for vitamin B testing 
in this laboratory (until a few months ago) was composed of: 

Dextrinised rice starch . 79 % 

“Vitamin-free casein” (Glaxo) . 15 

Agar-agar ... ... ... ... ... 2 

Salt mixture (Steenbock's). 4 



Fif^. 5. A hot ether extract of wheat embryo. Some activity of the extract arid slight impair* 
mcnt of the activity of the wheat embryo. 

Each rat was given separately 5-6 drops of a good sample of cod-liver oil 
twice a week. In 10-14 days on this diet, the rats became steady in weight 
or declined. 

To test “light-white casein” for the full vitamin B complex, it was i^ubsti- 
tuted for the “Glaxo casein” (15 %) in the diet of 5 rats prepared as just 
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described. None of the animals showed any tendency to resume growth. 
They all declined in weight steadily and died in 10-20 days. The ''light-white 
casein ’’ was therefore considered to be devoid of the vitamin B complex. 

To test "light-white casein’' for and Bg independently of each other, 
8 rats were prepared on the diet described above. The scheme of the ex¬ 
periment was to determine whether "light-white casein” could produce 
growth if the rats were given in addition (a) excess of B^, (/;) excess of B^. 
(c) excess of both B^ and B 2 . 

The Bj preparation used in this exp^‘riment was very kindly given to the 
authors by Prof. J. C. Drummond, who had found that the dose required to 
make a rat grow in the pn*sence of ample supplies of 63 was about four times 
the amount required to cure a ))igeon of polyneuritis. The pigeon dose of this 
])articu]ar preparation was 0-1 cc. (confirmed in our own laboratories) and in 
order to ensure excessive doses of B^, 0-8 cc. was used for each rat. 

The B 2 preparation was also supplied by Prof. Drummond. It was made 
by auto(daving marmite (decidedly alkaline) at 125^^ at 15 lbs. pressure for 
3 hours. It was then made very slightly acid with HCl and the volume made 
up so that 1 cc. was equivalent to 0-4 g. of the original marmite. 

The 8 rats were divided into four groups and given the following doses: 

Grou}) I. 0*8 cc. Bj preparation per rat per day. 

I-Occ. B 2 

Grouf) II. 0-8 cc. B| preparation per rat per day. 

'‘Light-white casein” in place of "vitamin-free casein.” 

Grou]) III. 1-0 cc. Bo preparation. 

"Ijghi-white casein'’ in place of "vitamin-free casein.” 

Group IV. ii'H (‘c. B| preparation. 

I'Occ. Bg 

'* Light-white casein" in ])lace of " vitamin-free casein.” 

Alter H) days, the dose of IL was doubled, as several wmrkers have declared 
latelv that the vitamin B potency of marmite is somewhat less than formerly. 

The result is seen in Fig. 6 . Even the high doses of B| and B.^ have failed 
to produce normal growth in the animals of Group 1. The animals of Group 11 
have growm considerably less than those of Group I, thus showing that '‘light- 
white casein ” supplies no appreciable quantity of B 2 . The animals of Group III 
died sooner than did those of Group II, thus showing that "light-white 
casein” does not contain Bj. The animals of Grou]) IV resumed rapid and 
prolonged growth till the experiment was terminated at the end of 8 weeks. 
It is therefore evident that "light-white casein” contains some factor necessary 
for growth which is not one of the vitamins A, B^, Bg or D. 

Two questions then presented themselves. 

(a) Why was any growth obtained either by ourselves or by other workers 
when rats, prepared as these, were given preparations of Bj and 63 ? 
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(6) Is the factor here demonstrated the same one as was demonstrated 
by the experiments previously described in this paper? 

The first question can apparently be answered (a) by assuming the rat’s 
ability to store an unknown factor such as is contained in the “light-white 
casein” or (6) by assuming the presence of this growth-promoting factor in 
the vitamin A-free diet, but in a much smaller degree than in the “light-white 
casein.” 

The second question can at present only be answered by repeating the 
tests on the substances used in the first set of experiments (vitamin A tech¬ 
nique), using now the technique described immediately above; i.e, testing 
each substance by the vitamin B technique in the presence of excess doses 
of Bj and Bg. 



Fig, 6, To demonstrate the presence of a growth*promoting factor in ‘Tight-white casein” 
which is not in the “vitamin-free casein” and winch is neither vitamin Bj nor B^. 

Two experiments on this latter point have been carried out. 

In the first experiment, 4 rats were prepared on the “B” diet con¬ 
taining the “vitamin-free casein” (Glaxo). After 11 days, they were all given 
daily doses of 2 cc. of the same preparation of B 2 as in the last experiment 
and 0*1 cc. of a B^ preparation very kindly given to the authors by Dr H. Chick, 
who had found this dose of her preparation ample for the growth needs of 
the rat. One of the 4 rats continued to receive the “Glaxo casein”; it 
grew slowly and 21 days after the beginning of the test period had gained 
17 g. in weight. Two rats were given “crude casein” (B.D.H.) in place of the 
“vitamin-free casein” (Glaxo) and at the end of the experiment (21 days) 
had gained 2 and 7 g. respectively. The fourth rat was given “light-white 
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casein” (B.D.H.) and had gained at the end of the experiment (21 days) 
62 g. in weight. This would appear to indicate that the “crude casein” 
(B.D.H.) was as nearly free from the unknown factor as the ''Glaxo casein.” 

In the second experiment a comparison was made between (a) the 
"vitamin-free casein” (Glaxo), (6) the “light-white casein” extracted once 
with alcohol and four times with ether in the cold, and (c) untreated “light- 
white casein.” The same doses of and B 2 as in the last experiment were 
given to all the rats. At the end of 31 days, the one rat given “vitamin-free 
casein” had gained 17 g. in weight, the two given the extracted “light-white 
casein ” had gained 37 and 32 g. respectively, while the one given untreated 
“light-white casein” had gained 49 g. It was c\ddent that some of the active 
factor, but by no means all of it, had been extracted from the casein by the 
method adopted. 

These two experiments have given the same results for the “crude casein” 
and for the extracted “light-white casein” which were given in the previous 
method of testing. 

It would appear, then, that this offers an alternative method of testing 
for the unknown factor. Actually, by the time the rats are ready for the 
test of the Tinknown substance, they are receiving the same diet in the two 
'ways of testing (“vitamin-free casein.” dextrinised rice starch, salt mixture, 
agar-agar, vitamins B^ and Bg as independent preparations or as yeast, and 
cod-liver oil) whether they began with a shortage of vitamin A as in a vitamin A 
test or of vitamin B as in a vitamin B test. The former, “vitamin A way,” 
has given us more animals for this work because the tests have necessarily 
been extended over longer periods (preparatory and test) than in the “vitamin 
B way,” and the rats have apparently exhausted their reserves of the unknown 
factor. In the “vitamin B way” the rats have a very short preparatory period 
(10 days) and often a short test period (3-4 weeks), so that the test is often 
completed before the animals’ reserves of the factor are exhausted. 

The importance of supplying this factor in the basal diet of all rats used 
for growth experiments is obvious. It is a simple matter to give “ light-white ” 
or a similar sample of casein in the diet of rats pre})aring for a vitamin B test, 
for this form of casein is free from either B^ or Bo. For vitamin A testing, 
however, a method of removing vitamin A without removing the unknown 
factor must be adopted. These points will be the subject of a later paper. 

Discussion. 

Certain food substances have been found to restore grov^dh in rats which 
had ceased to grow although receiving a diet considered adequate in all factors 
known to be essential for growth. 

' It would appear probable that these substances supplied some factor 
which was missing from the basal diet of the rat, and that those rats which 
had succeeded in growing to maturity on this diet had reserves of the unknown 
factor which they had stored from pre-experimental feeding. No satisfactory 
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extract has yet been obtained from “light-white casein ’’ (B.D.H.), but alcohol 
and ether extracts of the factor have been prepared from wheat embryo. 
The fact that it can be so extracted is evidence of its character as a fat- 
soluble factor. 

Another suggestion is that the casein in general use in the vitamin-free 
diet has, by the process of freeing it from vitamin A, been damaged in some 
way that has rendered it less digestible or less adequate for growth and that 
the substances which have restored growth contain “unspoilt” protein. That 
the active substance can be extracted at all seems to be against this explana¬ 
tion. The fact, too, that many rats grow rapidly on the diet containing the 
“ vitamin-free casein ” (Glaxo) shows that it is an adequate protein for some rats 
at least. Indeed, many rats of both the albino and the black and white strains 
obviously have been able to digest the protein all their lives. The possibility 
of racemisation of the protein must be discarded as the activity has been 
almost completely removed from the protein by hot alcoholic extraction. 
The fact that the response to the untreated protein is sometimes delayed for 
many days also seems to be indicative of some actual deficiency rather than 
of some inability to digest the protein available. 

Distinction from vitamin E. At one time it began to appear probable that 
the factor causing the remarkable resumption of growth would prove to be 
vitamin E. Its distribution was apparently similar to that of the latter factor; 
but further work, particularly with wheat-germ oil, makes this at least 
doubtful. Evans [1928] has demonstrated the growth-promoting power of 
this factor, and reported that w^heat-germ oil in general made a marked 
difference in growth rate, in the absence of other sources of vitamin E, in a 
dose of 0*12 g. daily. Three samples which were prepared specially for this 
laboratory by extraction of wheat germ with light petroleum and concen¬ 
tration in vacuo were found to have distinctly less growth-promoting activity 
than that reported by Evans for vitamin E. One sample prepared by our¬ 
selves also showed less activity than was generally experienced by Evans, a 
dose of O']6-0-24 g. being necessary to cause a really definite resumption of 
growth. Moreover, Evans has shown that etiolated pea-shoots are as rich in 
vitamin E as green ones. Our experience of one species of etiolated shoot 
(wheat) shows it to be poor in the unknown factor. Further, the liver which 
we have examined is richer than ox muscle, a relationship which is the reverse 
of Evans’s experience with vitamin E. 

The fact that the unknown factor can be destroyed by heat al^o makes it 
clear that it is not vitamin E. Moreover, rats suffering from a shortage of it 
show none of the usual cyclical changes in the reproductive organs as seen 
by examining the vaginal smears (unpublished work), whereas a shortage of 
vitamin E has no influence on the oestrous cycle [Evans and Burr, 1927]* 

There has, moreover, been no indication of a shortage of vitamin B among 
the animals of the stock colony of this laboratory. (They have had liberal 
supplies of fresh watercress twice a week, for which we are indebted to 
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W. Bedford, Esq. of Bere Regis.) Every mating is recorded; each doe is 
weighed once a week, and oftener during the last week of pregnancy. In the 
history of some 200 breeding does the occurrence of resorptions has been 
only about 1 % of the matings which have themselves averaged 4-6 per 
animal. This factor, then, seems to bear no relation to vitamin E beyond a 
somewhat similar distribution. 

Summary. 

Rats often cease to grow even though they are receiving a diet hitherto 
considered to be satisfactory in calorific value, salt content, and digestibility 
and also known to contain abundance of all r^i ognised vitamins. 

Resumption of growth in these animals was first obtained by the substi¬ 
tution of ‘Might-white cas^uiC’ (B.D.H.) for the ‘‘vitamin-free casein” (Glaxo) 
generally used in the basal dic't. 

Other substances which bring about rapid resumption are fresh milk, 
lettuce, fresh and dried gravss, ox muscle, liver and wheat embryo. 

Less ra})id growth is brought about by watercress and milk which has 
been simmered for 15 minutes. 

Butter and etiolated wheat shoots show very little influence on the growth 
of these rats. 

The power to caus(‘ growth resum 2 )tion is removed from ‘Might-white 
casein” only with difliciilty. Heat can destroy it, at least partially. Cold 
alcohol, ether, and 2 acetic acid give inactive extracts and leave un¬ 
impaired casein. Boiling alcohol and ether giv<^ slightly active extracts and 
leave detinilely impaired casein. The loss may be due to heat. 

Boiling ah’ohol (90 and ether give extracts of wheat embryo of definite 
activity and leave the wheat embryo wMth only slight activity. 

The results here described indicate either the existence of a growth- 
promoting factor hitlunto unrecognised or a biological inadequacy of the 
protein supplied to the rats in the basal diet. The preparation of active 
alcohol and ether extracts supports the former vie^w. 
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Addendum. 

Since this paper was written, we have read that Evans and Burr [Proc. 
Soc. Exp. Biol. Med. 1927, 24 , 740) have demonstrated a deterioration in 
their ‘ casein ^ after long extraction with alcohol and ether. 



LXXX. VITAMIN D IN ERGOT OF RYE. 


By EDWARD MELLANBY, ELLA SURIE 
AND DOUGLAS CREESE HARRISON. 

From the Pharmacology Department, Umversify of Sheffield, 

{Received May 22nd, 1929.) 

In the course of experiments carried out with another object it was observed 
that ergot of rye had a powerful action in promoting calcification of the 
bones when added to diets which, in themselves, resulted in the development 
of rickets [Mellanby, Surie and Harrison, 1928]. It was therefore decided to 
investigate this problem in more detail, to study the properties of the calci¬ 
fying substance in ergot and to consider its relation to or identity with 
vitamin D. 

Experimental methods. 

The animals used in this work were puppies, and the technique was that 
developed by one of us and described elsewhere [E. Mellanby, 1919, 1921]. 
It consists essentially in giving young animals of the same litter, from 6 to 
8 weeks old, a mixed diet which alone produces rickets. Some are given in 
addition the substances whose effects on bone development are under in¬ 
vestigation and the results on the bones are observed in the test and control 
animals. Since litters of puppies vary to some extent in their reaction to the 
basal diet, it is important that in examining the results comparison should 
be made between the animals in each litter and not between animals in 
different litters. This caution is also necessary {)ecau8e in the experiments to 
be described there are variations in the basal diets of different litters so that 
these diets are sometimes more and sometimes less rickets-producing. 

Ergot itself can only be administered to dogs in relatively small quantities 
owing to its unpleasant taste: even when given in such quantities as from 
2 to 5 g. daily the animals often refuse to eat their food, so that it is necessary 
periodically to omit the substance from the diet. In some experiments the 
powdered ergot was mixed with bread or meat and administered in pill form 
in,the evening, but even so the food was sometimes refused the following day. 
In the majority of experiments, therefore, the puppies eating ergot did not 
grow as well as the other members of the family, a fact which must be taken 
into account in interpreting nutritional experiments. In spite of these diffi¬ 
culties, however, the antirachitic action of ergot is very evident. When 
alcoholic and ether extracts of ergot replace the ergot itself the difficulties 
regarding the food intake are avoided; the animals grow at the same rate as 
the controls and the results are therefore more satisfactory. 
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The calcifying action of ergot. 

The following sample experiment shows that 2 to 5 g. of ergot added 
daily to a diet which alone produces rickets assist the calcification processes 
and tend to prevent rickets. 

Exp. 1. Two puppies of one litter were given a rickets-producing basal diet: 11102 received 
the basal diet only; 1305 was given in addition 2 to 5 g. of powdered (ugot. 

A(/e at beginning: 1 weeks. 

Lhiration of experiment: 19 weeks. 

Basal diet: KMl-lOOg. bread, 20 g. loan meat, 20 g. separated milk powder, 10 cc. olive oil, 


2*0 g. dried yeast, Svc. orange juice, 1 g. sodium chloride. 




Initial 

Weight 
at time 
of X-ray 

(lain wt. 

Vlinical and radiographic 

No. of 

Variations 

weight 

(19 wks.) 

in 19 wks. 

tliagnosis of bone 

animal 

m diet 

g- 


g- 

condition 

1302 

Basal diet 

2400 

0985 

4585 

Bad nckets (Plate 11, 
% 1) 

1305 

Basal diet 4-2 to 5 g. 
of ground eig(‘t 

2510 

5820 

3310 

Normal: no rickets 
(Plate 11, tig. 2) 


It is evident that the addition of 2 to 5 g. of eigot daily to the basal diet has prevented rickets. 


The t^olubiliiy of the calcifying agent in ahohoL 

Exp. 2. 800 g. of ground ergot were ('Xtracted twice wdth 24-00 cc. of abBoUite alcohol. In the 
til's! extraction the niixtui-e was lioiled for 1 hour and in the second for | hour. The extracts were 
filtered hot and the alcohol was removed from the combined filtixitea under n^duced pres.surc, 
lea^ ing an oily rt'sidue. 

Four pu])}ues of the same litter were given a riekets-producing basal cbet: 1388 received 
the basal diet only; 1380 was given in addition the alcoholic extract representing 2 to 4 g. of ergot 
daily; 1387 was given in addition the residue of ergot after extraction with alcohol, equivalent 
to 2 to 4 g, of ergot daily; 1389 was given in addition 2 to 4 g. of ergot fiaily. 

..4f/e at beginning: 0 weeks. 

Duration of experiment: 11 wrecks. 

Basal diet: 70-80 g. oatmeal, 20-30 g. separated milk powder, 20 g. lean meat, 10 cc. olive oil, 
2-5 g. dried yeast, 3 cc, orange juice, 2-3 g. sodium ehlonde. 




Initial 

Weight 
at time 
of X-ray 

(lain wt. 

Clinical and radiographic 

No. of 

Variations 

weight 

(11 wks.) 

in ] 1 w ks. 

diagnosis of bone 

animal 

in diet 

g- 

g. 

g- 

condition 

1386 

Basal diet H-ale. ext. 
of 2 to 4 g. ergot 

1725 

4720 

2995 

Pickets (much less than 
in 13S7 and 1388) 

1387 

Basal diet 4 ergot re¬ 
sidue after ale. ex¬ 
traction 

1630 

4160 

2530 

\'erv bad rickets 

1388 

Basal diet only 

1415 

3450 

2035 

Very bad rickets 

1389 

Basal diet 4 - 2 to 4 g, 
ergot 

1790 

3400 

1610 

Rickets (much leas than 
in 1387 and 1388) 


It is evident that most of the calcifying action of the original ergot is present in the alcoholic 
extract and that the residue after extraction is devoid of any calcifying effect. The fact that 
oatmeal forms the cereal in this experiment pi*obably account largely for the fact that 1380 
and 1389 both have some rickets. 
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The calcifying effect of the alcohol- and ether-soluble fraction after 

saponification. 

Exp. 3. The oily product obtained from ergot by alcoholic extraction as described in Exp. 2, 
was well shaken with 500 cc. ether, the insoluble resin being ground up several times with ether 
to ensure the removal of its ether-soluble contents. The ethereal solution was then filtered and 
the ether distilled off. This oily residue was dissolved in 100 cc. hot alcohol. 15 g. KOH in 15 cc. 
water were added and the mixture was boiled under a reflux condenser for 1 hour. The solution 
was then neutralised with dilute HCl. Portions of this mixture equivalent to 4 g,, later to 2 g., 
of the original ergot were added to the diet of 1407. 

Two puppies of the same litter were given a rickets-producing diet: 1406 received the basal 
diet only; 1407 was given in addition the solution from 2 to 4 g. of ergot after saponification. 

Age at beginnmg: 9 weeks. 

Duration of experiment .• 10 weeks. 

Basal diet: 70 g. oatmeal, 20-30 g. separated milk powder, 20-10 g. lean meat, 10 cc. olive 
oil, 2-5 g. dried yeast, 3 cc. orange juice, 2~3 g. sodium chloride. 




Initial 

Weight 
at time 
of X-ray 

Gain wt. 

Clinical and radiographic 

No. of 

Variations 

weight 

(10 wks.) 

in 10 wks. 

diagnosis of bone 

animal 

in diet 

g- 

g- 

g- 

condition 

1406 

Basal diet 

2435 

4460 

2025 

Very bad rickets 

1407 

Basal diet + solution 
from 4 to 2 g. of 
ergot after saponifi¬ 
cation 

2145 

4320 

2175 

Almost normal 


It is evident that the calcifying factor of ergot is soluble in ordinary ether and is stable to 
the treatment which saponifies the fats. 


Extraction of the unsaponifiable fraction. Having found that the calcifying 
factor in ergot was ether-soluble and not destroyed by saponification, it 
remained to see whether it was, like vitamin D, an unsaponifiable substance 
which could be removed by the ordinary methods for separating this substance 
from the saponified product. 

Our earlier experiments appeared at first to negative this supposition, for 
the unsaponifiable fraction as then prepared had little or no antirachitic 
action. The saponification of the oily fraction was carried out as described in 
Exp. 3. The product was then diluted with its own volume of water 
and extracted three times with approximately 750 cc. of light petroleum 
(b.p. 60-80'^). The light petroleum was evaporated off and the unsaponifiable 
residue added to the diet of dogs to test its calcifying properties. Since this 
is the ordinary method of preparing fat-soluble vitamins from cod-liver oil, 
it was surprising to find little or no evidence that the calcifying substance 
had been extracted by the light petroleum. 

In subsequent experiments the extraction was made by ordinary ether 
instead of light petroleum and definite evidence of the presence of the calci¬ 
fying substance in the unsaponifiable fraction was then obtained, although 
the activity of the extract did not represent the full activity of the 
original ergot. Two experiments, one of a preventive and the other of a 
curative nature, are given as examples to illustrate the calcifying actipn of 
the unsaponifiable substance obtained from the fat-soluble fraction of ergot. 
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The calcifying effect of the unsaponifiable fraction extracted from the 
saponified fats by ether. 

Kxp, 4 {preventive experiment). Two puppies of the same litter were given a rickets-producing 
diet: 1497 received the basal diet plus unsaponifiable substance from 4 g. ergot; 1501 received 
the basal diet only. 

Aye at beginning: 7 weeks. 

Duration of experiment: 12 weeks. 

Basal diet: 80-150 g. white flour, 20 g. separated milk jiowder, 20 g. lean meat, 10 cc. olive 
oil, 2-5 g. dried yeast, 3 cc. orange juice, 2~3 g. sodium chloride. 




1 nitial 

Weight 
at time 
of X -ray 

Gain w t. 

Clinical and radiographic 

No. of 

Variations 

weight 

(12 w ks.) 

in 12 w'ks. 

diagnosis of bone 

animal 

m diet. 

g- 



condition 

1497 

Basal diet -f unsapon. 
subs, from 4 g. ergot 

2120 

5100 

2980 

Very little rickets 
(Plate II, fig. 3) 

1501 

Basal diet 

2fi50 

5820 

3170 

Very bad rickets 
(plate IJ, fig. 4) 

II is ( 

:*lear tliat the unsaponifiable fraction prepared 

in this w'ay 

has prevented in 1497 tlie 


very defective calcification seen in 1501. 

Exj>. 5 {curative experiment). Two puppies of the same litter were given a rickete-producing 
diet. After 10 weeks’ f(‘eding, when both had developt^l very bad rickets, the unsaponifiable 
substances rcjiresenting fi g. of ergot wen* added daily to the diet of 1517, that of 1519 being 
continued without alteration. 

Age at beginning: 7 weeks. 

Duration of experiment: 17 weeks. 

Basal diet: 100 to 150 g. bread, 20 g. separated milk powder, 20 to 10 g. lean meat, 10 cc. 
peanut oil, 2-5 g. dried yeast, 3 cc, orange juice, 1 g. sodium chlonde. 


(hnical and radiographic 




Initial 

Weight 
at time 
of X-rav 

Weight 
at time 
of X-ray 

diagnosis of hone 
condition 

---> 

No. of 

Variations 

weight 

(U) wks.) 

(17 wkh.) 

After 

After 

animal 

in diet 

g* 

g- 

g- 

10 wks. 

17 w’^ks. 

1517 

Basal diet for 10 wks., 
then unsap. residue 
from (i g. ergot for 
further 7 wks. 

2185 

4700 

5520 

\5*ry bad 
rickets 
similar 
to 1519 

Healing 

rickets 

1519 

Ba^sal diet for 17 w ks. 

2095 

4550 

47(K) 

Verv bad 

rickets 

Very bad 
nckets 


similar 
to 1517 

In this case, the unsaponifiable residue has brought about healing. Puppy 1517 w^as active 
to some extent at the end of the experiment, 1519 w^as paralysed. 

Having obtained evidence that the calcifying action of ergot was due to 
some substance with properties similar to those of vitamin I), we have assumed 
that the active substance is vitamin D since, so far as is known, this is the 
only entity which controls the processes of calcification in the body. The 
problem then arose as to how vitamin D was formed in ergot. Since ergosterol 
was first discovered as a constituent of ergot by Tanret [1889], and since 
ergosterol is now known to be transformed into vitamin D by ultra-violet 
radiation [Rosenheim and Webster, 1927 ; Hess and Windaus, 1927], the first 
suggestion as to the mode of origin of vitamin D in ergot was that it was 
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produced at some stage in the growth of the infected rye by the direct action 
of the ultra-violet radiations of sunlight on ergosterol. This mode of origin 
did not, however, appear very probable because ergot of rye has a dark 
bluish-black covering and there was doubt as to whether this covering was 
permeable to the radiations. If it were permeable, then, since ergot contains 
abundant unactivated ergosterol, exposure of the ergot grains to sunshine 
ought to increase its calcifying activity. In order to test this point the 
following experiment was carried out. 

The effect of irradiating ergot with sunlight and niercury-vapour light. 

Exp. (>. A sample of whole ergot grains was scattered sparsely over a tin dish and exposed to 
bright summer sunshine for 12 hours. Another sample was placed on a similar dish and exposed 
to a mercury-vapour lamp at a distance of about 2 ft. for half an hour. Each sample was then 
ground and extracted with alcohol. The alcohol was distilled off from each under diminished 
pressure and the residues were administered to two dogs on an otherwise poor calcitying diet. 'The 
third dog received the alcoholic extract of 2 g. untreated ergot. 

Three puppies of the same litter were given a rickets-producing diet: 1498 received the basal 
diet plus alcoholic extract of ergot irradiated by sunlight; 1499 received the basal diet plus 
alcoholic extract of ergot irradiated by mercury-vapour light; 149b received the basal diet plus 
alcoholic extract of untreated ergot. 

Age at beginning: 7 weeks. 

Duration of e:rperiment: 12 weeks. 

Basal diet: 80-150 g. white flour, 20 g. separated milk powder, 20 g. lean meat, 10 cc. olive 
oil, 2’0 g. dried ye^st, 3 cc. orange juice, 2-3 g. sodium chloride. 




Initial 

Weight 
at time 
of X-ray 

Gain wt. 

Clinical and radiographic 

No. of 

Variations 

weight 

(12 wks.) 

in 12 wks. 

diagnosis of bone 

animal 

in diet 

g- 

g- 

g' 

condition 

1496 

Basal diet -f untreated 
ergot (ale. ext. 2 g.) 

2430 

5300 

2870 

Rickets similar to 1498 

1498 

Basal diet + sunlight 
ergot (ale. ext. 2 g. 
ergot) 

2400 

5500 

3100 

Rickets similar to 1496 

1499 

Basal diet -f Hg-vapour 
light ergot (ale. ext. 

2 g. ergot) 

2150 

5500 

3350 

Slight rickets, definitely 
less than 1490 and 1498 


The alcoholic extract of 2 g. only of non-irradiated c was given to 
1496 so that some degree of rickets should develop, thus allowing the de¬ 
tection of an increase (if any) in the vitamin D after irradiating ergot by 
sunlight (1498) and by the mercury-vapour lamp (1499). The results of the 
experiment show (1) that exposure of intact ergot grains to strong sunlight 
for 12 hours does not increase their calcifying activity and (2) that exposure 
to the mercury-vapour lamp for half an hour slightly increases the activity. 
It is evident that the covering of the ergot grains is relatively impermeable 
even to very abundant .ultra-violet radiations. This result raised some doubt 
as to whether the presence of vitamin D was due to the direct action of 
sunlight on the ergosterol present in the ergot. 

It appeared desirable, then, to decide whether the vitamin D is primarily 
a product of the sclerotium or whether the rye embryo in which the ftingus 
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